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PREFACE 


Ix Colurete-Steel ihe author has already dealt with the 
distinctne charactcnsttcs of reinforced concrete, discussing 
the principles underl}ing construction in that matenal, and 
stating simple niles for its application to the design of the 
primary members employed m struciuresof nearly esej>’ iind. 

Since the publication of that work a remarkable change 
has taken place m the attitude of engineers, architects, and 
others with regard to the new structural material, nhich is 
no« being adopted on an evtensne scale in the Vnited 
Kingdom byprn-ate mdniduaK, induatnal firms railwaj and 
dock companies, municipal authontics, and Cc)\ernriient 
Departments In siew of the widespread desire for 
information on the subject, and in rcsjionsK to the desire 
expressed by readers of the preceding book, the author now 
presents detailed particulars of some buildings designed for 
Use, in (Jreat Bntain, on the Comment, and in America, as 
dock shed', railway goods stations, loconioii'e shed', ware- 
houses, manufactones, workshops, flour nulls and granaries, 
hospital', hotels, residences, churches, theatres, and public 
halls. 

Some of the works described and illustrated are specially 
noteworthy for their size, others in respect of their great 
strength, others again for the manner m which difficult 
[iroblems fuse been sohed, and all of them as indicat- 
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ing the adaptability of concrete-steel to structural require- 
ments of the most varied description. 

In order to increase the ralue of the book to practical 
men, an Index has been prepared containing copious 
references to the details of the buildings described, as well 
as to data concerning the proportions and consistency of the 
concrete used, the amount of the reinforcement, the strength 
of materials employed, the results ‘of tests, contractors’ plant 
and methods of practical construction, and other technical 
matters. 

^Vlth the object of emphasising the necessity for correct 
design, competent supervision, and skilful construction, the 
concluding chapter is devoted to “Some Mishaps and their 
Lessons,” and an Appendix has been added as a guide to 
the places w here typical examples of concrete-steel structure.s 
are to be found in all parts of the United Kingdom. 

While recognising the fact that it would be impossible in 
a single volume to deal completely with nil the concrete- 
steel buildings erected even in this country, the author hopes 
that the records here presented may be of service to those 
v>ho are already convinced of the merits possessed bj 
concrete-steel, and further, that they may have the effect of 
arousing the interest of those who have not )et realised its 
peculiar suitability as a material of construction, or have not 
been convinced of the ease vvith which it can be applied to 
building and engineering construction 
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CHAPTER I 

Transit Sheds at Manxiiester Docks 

I. The Dock Extension Scheme.— So rapidly has 
traffic increased on the Manchester Ship Canal that con* 
tmual additions have been necessary to the accommodation 
originally provided at the inland terminal. For some time 
past the old docks have been inconveniently crowded and 
the warehouse capacity has been much overtaxed. Hence, 
four or five jears ago, it became absolutely essential to 
provide additional quay space for vessels, and facilities for 
dealing with merchandise brought into and sent out from 
the port. 

The works then decided upon included the construction 
of new docks and quays, the erection of an extensive range 
of buildings for use as transit sheds, and the laying out of 
railways, sidings, and roads. The site secured was formerly 
occupied by the Manchester Race Course Company, and 
covers an area of some 150 acres. About 21 J acres of this 
will be devoted to the new docks, and the remaining 
portion to the quays and the other auxiliary works. 

The first dock, officially known as Dock No. 9, with an 
area of 15} acres, has already been completed ; while the 
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other. Dock No. lo, which will have an area of 6 acres, 
remains to be built. 

2 . The New Building ^. — Wc have to deal here only 
with the series of five transit sheds built in connection with 
Dock No. 9. These sheds, having a frontage of about 
2,250 ft., extend almost from end to end of the quay along 
the south side of the new dock, and have a uniform width 
of no ft. Fig r is .a view shoi^ing part of the new dock 
and some of the warehouses. Fig. 2 is a view of the other 
side of the buildings, but does not include more than about 
one-fourth of the entire range. 

In view of the disastrous fires which have occurred in 
various ports where combustible buildings existed, the 
directors of the ftfanchester Ship Canal wisely determined 
that their new buildings should embody the most approved 
system of fire-resisting construction Concrete-steel is a 
material admirably complying with the required conditions, 
and one that has already been .applied on an extensive 
scale to the building of warehouses on the Thames, at 
Southampton, and at other British ports. 

The new sheds at the Manchester docks are built 
entirely of concrete-steel on the Hennebique s}‘stem, the 
general designs having been prepared by Mr. W. H. 
Hunter, M.Inst.C.E., Chief Engineer to the Manchester 
Ship Canal, and the details of construction by Mr. L. 
G. Mouchel, M.Soc.C E. (France), of IVcstminster. The 
building contractors were Messrs. Lovatt & Brueder, of 
Wolverhampton. 

The middle shed is 450 ft. long, and the other four 
425 ft. long each, the whole senes being connected by 
gangways or bridges joining the upper floors and the roofs 
of adjacent buildings. Fig 3 is a part elevation of one of 
the 42S-ft. sheds. This draiving shows the south front 
facing the railway sidings, the north front on the opposite 
side facing the new dock. 

Although known as sheds, it will be seen that the 
buildings are of more important character than is suggested 
by the designation applied to them. Each shed comprises 
three floors and a flat roof, virtually constituting a fourth 
floor. 
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The height from the 
ground floor to the under 
side of the main beams of 
the first floor is 14^-3 in., 
the height of the first storey 
is S ft. 4 in., and that of 
the second storey 8 ft. 7 in. 
These measurements are 
taken in each case to the 
under side of the floor 
beams. The height of the 
sheds from ground le\el 
to the roof is 45 ft., and to 
the ridges of the towers 51 
ft. 3 in. All the roofs are 
fiat, so as to be available 
for the storage of packing- 
cases, crates, and mer- 
chandise not liable to 
injury by the weather, the 
collective floor area pro- 
vided by the series of fnc 
sheds being about 950,000 
sq. ft., or nearly 22 acres. 

The floors of the first 
storey are prolonged to 
form a balcony 1 3 ft. wide 
along the south front of 
each building, e.xcept where 
interrupted by five towers, 
of which two are shown m 
Figs. 3 and 4. Another 
balcony, with a width of 
4 ft., runs along the north 
front. These balconies are 
indicated in broken lines 
on Fig. 4, which is a half- 
plan of one 425-fL shed 
The two towers in Fig. 3 
are used for hoisting 
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purposes, and the turret is a small building on the roof, 
a similar turret being situated above each staircase. 

Construction was commenced in July 1903, and finished 
early in 1905 about six months in advance of the contract 
time, the total cost of the sheds, exclusive of fittings and 
equipment, amounting to more than ;^i5o,ooo. 

3. Concrete and Contractors’ Plant— The quantity 
of concrete used on the sheds alone exceeded 26,000 cubic 
yards, and over 5,000 tons of steel were employed as 
reinforcement. The number of workmen employed varied 
from 350 to 400, and of this number about 20, includ- 
ing foremen carpenters and cementers, were of French 
nationality. 

Sand and gravel for concrete making were provided by 
material excavated during the construction of the new dock, 
and special plant was laid down for washing, sorting, and 
crushing the materials. Except for special details, the 
concrete was mixed in the proportions of i part of Portland 
cement, g parts of dean sharp sand, and 4 parts of washed 
gravel from i in. to ^ in. gauge. The moulds for the 
concrete necessitated the employment of more than 141,000 
cubic feet of timber. 

For the purpose of facilitating the erection of the super- 
structure a track was laid along the whole length of the 
sheds, front and back, upon which a travelling stage was 
placed, and moved from point to point as required. This 
stage was equipped with two concrete mixers of the Oehler 
type, each capable of making 40 cubic yards of concrete in 
ten hours. 

A small portable crane, running upon a transverse set of 
rails, was used to chaige the concrete mixers A large 
crane, travelling upon the mam track, was employed for 
hoisting concrete and steel to the various floors and roof 
ofthesheds. Thiscraneb.idajibwith a radius of 23 ft., and 
was capable of raising a load of (| ton to a height of 50 ft. 
Fig. s is a photographic view showing the crane in the act 
of depositing concrete in the moulds during construction. 

The genera! method of construction being the same for 
each of the five sheds, it is only necessary to describe in 
detail a tjpical section of one shed. 
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first floor, where they are connected with the vertical rein- 
forcement of the section abo\e. 

Steel angle bars are pro\idcd outside the comers of everj* 
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4. Foundations. — The foundations are provided by 
ninety-three concrete piers 6 ft. wide and 16 ft. deep, spaced 
25 ft. apart centre to centre. These foundations are really 
extensions of the piers supporting the arched construction of 
the quay wall (see Fig. i), each of them having a total 
length of 149 ft., — 37 ft. being beneath the quay and 
1 1 2 ft. between the front and back boundaries of the new 
sheds. 

Below the south front of the sheds the ends of the piers 
are connected by concrete arches 3 ft. thick, \vhich were 
built without much excavation, as the earth was merely cut 
to the cun’C selected for the intrados of the arch, and, after 
being carefully dressed, was covered by concrete deposited 
upon It between timber shutters. By the adoption of this 
plan the expense of excavation and refilling was almost 
entirely avoided, as well as that of erecting and removing 
moulds Moreover, the arches receive valuable assistance 
from the solid earth, which has far gre.ater bearing power 
than material repacked into an excavation. 

Owing to the low level of the concrete piers it was 
necessary to build brick footings (see Fig. 6) for the 
support of the column bases. These footings, about 
7 ft. 9 in. square by 4 ft. high, are spaced 22 ft. apart, 
so that there are six of them along each of the con- 
crete piers, which, as mentioned above, are spaced 25 ft. 
apart. 

5. Column Bases. — Upon the brick piers are fixed 
cast-iron base plates 4 ft. in diameter by 9 in. high, the top 
of each being level with the surface of the ground floor. 
The bases afford bearing for the steel b.ars forming the 
vertical reinforcement of the columns, and over them are 
placed dome-shaped shields of cast iron. These, being 
filled with concrete, serve to hold the columns rigidly at 
the base, and at the same time to protect them from 
accidental injury. 

6. Column Reinforcement.— The reinforcement of 
the columns consists of vertical bars connected, at intervals 
of about 6 in. apart, by fV*"* diameter steel ties. The 
vertical bars are of in. diameter, and 16 ft. 6 in. long 
so as to extend from the base plate to about 2 ft. above the 
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The concrete was deposited in layers 6 in. thick, boards 
being fixed one at a time across the open side of the mould 
as each layer of concrete was finished The concrete was 
mixed fairly wet, so as to make it easy to fill all spaces m 
the moulds, and it was rammed down until water rose to 
the surface, the ramming being performed by iron bars with 
a right-angled bend of 3 in. long at the end. 

All the columns were built in a similar manner, but the 
details of construction necessarily varied in accordance w ith 
the loads to be earned. 

8. Column Sections and Loads. — Fig. 7 contains 
cross sections of typical columns on the \arious floors of the 
sheds. Commencing at 20 in. square with ten \ertical bars 
On the ground floor, the columns wcie reduced to 14 in. 
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square with nine vcriical Lars on the first floor, and to 
10 in. by 12 in. with four \erlic.al bars on the second floor, 
while other columns supporting structures on the roof 
measure 6} in. by 12 in 

The columns on the ground floor were calculated fora 
normal load of 340 tons each, those on the first floor for 
a load of 226 tons each, and those on the second floor for 
a load of 113 tons each. These loads represent pressures 
of about 1,950 lb., 2,520 lb., and 2,100 lb per sq. in. 
respectnely for tlic three portions of cacli column, or an 
average of about 2,200 lb. per sq. in of cross sectional area. 

9. Column and Beam Connections. — To afford 
additional support for the main beams, the tojis of the 
columns were extended to form a bracket on either side 
with a projection of iS m. and a depth of 10 m. close to 
the column The reinforcement of these brackets consists 
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column for the purpose of shielding the concrete from 
injury in the course of daily \vork in the sheds. These 
angles measure 4 in. by 4 in. by | in,, and extend from 
the floor almost to the ceiling of each storey. They are 
attached to the columns by 6-in. strips of hoop iron riveted 
to them at intervals, the ends of the strips being split for 



a length of about 2 in., and opened in opposite directions 
so as to afford a secure bond. 

7. Method of Mouldings Columns. — When all the 
reinforcement and the angle plates had been erected and 
temporarily secured in position, the cast-iron bases and 
dome-shaped shields w'erc filled in with concrete, which 
was well rammed. The column moulds were then erected 
and shored up, one side of each mould being left open. 
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Tlic concrete >'3s deposited in lajcrs 6 m. thick, boards 
l>cing fixed one at a time across the ojK-n side of the mould 
as each la)cr of concrete was finished. The concrete was 
mixed fairly xvet, so as to make it easy to fill all spaces in 
the moulds and it was rammed down until water rose to 
the surface, the ramming being performed by iron bars with 
a right-angled bend of 3 in. long at the end 

All the columns were built in a stmikar manner, but the 
details of construction necessarily xaned in accordance with 
the loads to be earned 

8. Column Sections and Loads. — Fig. 7 contains 
cross sections of l)p]cal columns on the various doors of the 
sheds. Commencing at 20 in. square with ten xertical bars 
on the ground floor, the columns weic reduced to 14 in. 



Ground floor First floor Setonet floor 

I'm 7 —Cross Sections of O'lunm' 

square with nine xerlical bars on the first floor, and to 
ro tn by t2 in. with four vertical bar. on the second floor, 
while other columns supporting structures on the roof 
measure 6J m. by 12 in 

The columns on the ground floor were calculated for a 
normal load of 340 tons each, those on the first floor for 
a load of 226 tons each, and those on the second floor for 
a load of 1 1 3 tons each. These loads represent pressures 
of about 1,950 lb, 2,520 lb, and 2,100 lb. per sq. in. 
respectixely for the three portions of each column, or an 
average of about 2,200 lb. per sq. in of cross sectional area. 

9. Column and Beam Connections. — To afford 
additional support for the main beams, the tops of the 
columns were extended to form a bracket on either side 
with a projection of 18 in. and a depth of 10 in close to 
the column. The reinforcement of these brackets consists 
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of two ^-iQ. diameter bars 
passing horizontally 
through the column, rising 
up at each end parallel to 
the under surface of the 
brocket, and continuing 
into the concrete of the 
beams above. Fig. S shows 
a column connection, 
part of a main beam, two 
cross sections of a 
secondary beam, and a 
section of the floor slab. 

10. Floor Beams.— 
After the columns had 
been built up to the first 
floor leveli and left to 
harden for about a week, 
the main and secondary 
beams were formed in 
timber moulds extending 
from column to column. 
The main beams, ra in, 
wide by r8 in. deep, 
extend from end to end of 
each shed, tying the tops 
of the columns together 
and really constituting 
continuous girders. 

The secondary beams, 
or joists, reach from 
column to column trans- 
versely across the build- 
ing, forming p.anels 25 ft. 
by 2 2 ft., each of these 
rectangles being sub- 
divided by three intetoie' 
diate joists, supported at 
the ends by the main floor 



. — Secuon of Colamn and Beam Connection 
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II. Construction of Main and Secondary Beam. 
— ^Thc rcinforccmcnl in each of the main beams comprises 
nine longitudinal bars in ro«s of three abreast and 
numerous stirrups also three abreast, placed C in. apart 
along the beam. Half of the stirrups pass under the lowest 
bars and half over the uppermost bars. Tig. 9 contains 

: * • * '. * the Centre 

■ ; ■ « ■ ■ • : • • • ‘lie middle 

■■ • , • • _ I irection for 

the purpose of resisting tension between the supports and 
the points of conlrarj' llcsure. 



I ifi. 9 — biciion of .^^aln IJeams. 


When the beam moulds had been erected and securely 
stayed the spaces between them were filled by timber panels 
laid level with the upper edge of the beam moulds, and the 
whole surface was coated with a layer of limewash before 
the commencement of concreting. 

The first step in this operation was to spread a thin layer 
of concrete i in. thick along the bottom of the beam mould, 
and, after well ramming, to place the lower set of stirrups 
in position. These stirrups consist of No. 12 S.W.G. 
steel strip 2j in. wide by 43 in. long, and when bent mto 
U-form the effective length was about 20 m., permitting 
the two ends of each stirrup to project about 3 m. through 


*4 
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the top of the beam, the projecting ends being afterwards 
incorporated in the concrete of the floor slab. 

The stirrups, three abreast m the width of the beam, 
were spaced 6 in. apart longitudinally, and inside them 
were laid three bars of the longitudinal reinforcement, the 
diameter of these bars being if in. Next came a layer of 
concrete sufficient to cover the bars, and over this were 
laid three if-in. bars, bent up towards the ends, so as to 
provide suitably for resisting tensile stress developed m the 
upper part of the beam section, between the supports and 
the points of contrary flexure. More concrete was then 
deposited, entirely covering the bent bars, and three if-in. 
diameter bars were laid o\er it. The upper stirrups were 
next adjusted over the top bars and pushed down into the 


concrete, these stirrups 

being made of No. 15 S.W.G. 

- T ^ steel strip 1 f in. wide. The 
R ’ j total length of metal in each 

|[ ^ upper stirrup was 19 in., 

yy I giving an effective depth of 

about 8 in. The mould was 

« „ c . , finally filled up with concrete, 

Fin. 10 — Section of a . ' p e p 

Secondarj C«m. “id » Pe"°d “f /<>“'• “ 

days was allowed for harden- 
ing before the addition of the floor slab. 


A very similar course of procedure was followed in the 
construction of the secondary beams, which contain six 
bars of longitudinal reinforcement, four bars of if in. 
diameter near the bottom of the concrete, and two bars of 


i in. diameter ne.'ir the top. fig 10 is the cross section of 
a secondary beam near the support. 

The ends of all the bars and stirrups were split and bent 
out so as to afford secure anchorage, and the round bars 
were jointed together at places where they overlapped. 
The extent of the overlap \aried from about 12 in. to as 


much as 30 in., according to the strain coming upon the 
construction. 


12. Floor Slab Construction.— After the concrete of 
the main and secondary beams had sufficiently set a r-in. 
layer of concrete was spread o^cr the centring, and upon 
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this the first series of rod* of the reinforcement for llic 
floor sbb was laid ouL IIh-sc rr>ds ranging from \ in. 
to J in. diameter, vcrc spaced 1 a in. nj>.art in rows parallel 
to the secondar)’ boms. A second i-in- layer of concrete 
was spread over llic rods and llic second set sras then laid 
out, 6 in. apart, lram\crsc!y to the first set. 

Concrete was next deposited to the ihiclness of 2 in., 
in three strips, one 24 in. wide midHayl)ci«ccii and p.nrallcl 
with two adjacent joists and one 12 in. sude next to each 
of the side joists of c.ach floor panel. Thus in each span 
of S ft between the joists there were three ndges and two 
hollows oscr which the third senes of rods sras laid, 6 in. 
apart, each rod being bent to fit the contour of the 
concrete. 

llie hollows s\crc next filled up, and enough concrete 
was added to cover the raised parts of the rods, the 
material being thoroughly tamped down. After this 
operation the fourth and last senes of rods was laid at right 
angles to those previously fixed. A final layer of concrete 
was added and, after being rammed and Icsellcd, made 
the slab 5 in. thick. As the work progressed the projecting 
ends of the beam stirrups liccame incorporated m the floor 
slab, which, extending continuously over the beams and 
joists, thereby increased the toul depth of those members 
to 33 in. and 19 in. respectively In every case the rods 
laid in the floor slab project over their supports by at least 
6 in , and the ends are bent over to secure good anchorage. 
The details of the construction here described are repre- 
sented m Fig. 8, and a view taken during the construction 
of the first floor will be found in Fig. ir, and one of the 
same floor viewed from below m Fig. 12. 

13. Wall Construction, — All the walls of the sheds 
are built entirely of concrete-steel, and, as they carry’ no 
load whatever, it was not necessary to make them mote than 
4 in. thick. It should be noted, however, that the north 
fronts of the sheds have no w’ahs, strictly speaking, but are 
provided with cast-iron sliding doors, fitted with rollers, 

the walls was to erect 
I ‘en adjacent columns at 
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the ends and back of each shed, and then to fill in con- 
crete by the aid of suitable moulds, built up of boards as 
the work proceeded. 

On the first and second floors an opening i2 ft. wide 
was left in the middle of the wall at each end of ever)' shed, 
giving access to the gangways connecting the adjacent 
warehouses (see Figs. 3 and 4). Two other openings were 
pro\ided at each end wall on either side of the gangivay, 
as shown in Fig. 4, these being intended to facilitate the 
loading and unloading of vans and lorries, by means of 
30-cwt. electrically driven hoists fixed on the roof. 

14. Cantilever Towers and Balconies.— Reference 
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ij — Mnnehrucr Deck Ttoimi She<U (Ikist Elevation). 


w-as made in Art. 2 to the five towers .at the back of each 
shed. As shown in Fig. 13, they project a considerable 
distance lie)ond the face of the building, and extend from 
the level of the first floor to a height of some feet above the 
roof lew!, l»eing supported on ma«>ivc cantilevers of con- 
crele-siei'l. The upper iwrt of each toner is extended for 
about 10 ft. over the ft.vi root of the shed, and under the 
roof of e.ich tower an clcclncalh dnicn hoist is fixed on 
two 1 6 in rolhxl <{ee? joists 22 ft long. Concrcte-steeJ 
columns of speci.al de-ign are built mio the walls for the 
purjxi^c of helping to sup|K>rt thrtc joists. 

The towers are pcrfi*ctly open Irom the iK^ttom to the 
nvif, Iwing intondetl for the hoisting of pon'hah’c goods 
under cv’ver from vehicles l*c!ow, or from one floor to 
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cantilever dose to the column. Two bars of the upper set 
are embedded for about 3 ft. into the beams of the first floor, 
and the other two are hooked round horizontal bars inserted 
in the wall columns. Two systems of stirrups are employed, 
in addition to the bars, for the purpose of resisting shearing 
stresses. The cantilevers are connected laterally by beams 
running parallel with the wall of the building, and over 
these is a floor slab of concrete-steel. 

At the front of each shed a loading balcony, with a pro- 
jection of 4 ft., is provided at the level of the first floor, 
being carried by concrete-steel cantilevers with a cast-iron 
nosing, so as to prevent injury by the accidental contact of 
goods being hoisted or lowered. Above this balcony a 
series of lifting platforms extends along the front of the sheds 
at the level of the second floor. These platforms, which 
are hinged so that they can be lifted up when not in use, 
are made of pitch pine with oak framing, and when lowered 
are supported by the iron brackets shown in Fig. 13. 


through the ground floor of one of the sheds, in order to 
permit goods trains to pass from the dock quay to the 
sidings. As illustrated in Fig. 15, this passage is completely 
isolated from the sheds by walls of concrete-steel to avoid 
all risk of fire. The arched beams carrying the floors above 
ha%e a span of 50 ft., and support a superload of 260 tons 
each. 

16 Precautions against Fire.— Being built entirely 
of concrete-steel, the sheds ihembclves are incombustible, 
but for the purpose of enabling the officials to isolate anj 
local outbreak of fire in the goods stored, and to deal with 
it in the most efficient manner, the various floors of each 
shed are divided into two parts by a 4-in. concrete-steel 
party wall, extending from front to back. In each parly 
wall there are two openings 12 ft, wide, fitted with double 
sliding doors, these and all other doors in the buildings 
being of fire-resisting construction. 

Each shed is provided with three stairways, situated at 
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'i^ilway Tunnel through a Shed. 
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cantilever close to the column. Two bars of the upper set 
are embedded for about 3 ft. into the beams of the first floor, 
and the other two are hooked round horizontal bars inserted 
m the wall columns. Two systems of stirrups are employed, 
m addition to the bars, for the purpose of resisting shearing 
stresses. The cantilevers are connected laterally by beams 
running parallel with the wall of the building, and over 
these is a floor slab of concrete-steel. 

At the front of each shed a loading balcony, with a pro- 
jection of 4 ft., IS provided at the level of the first floor, 
being carried by concrete-steel cantilevers with a cast-iron 
nosing, so as to prevent injury by the accidental contact of 
goods being hoisted or lowered. Above this balcony a 
senes of lifting platforms extends along the front of the sheds 
at the level of the second floor. These platforms, which 
are hinged so that they can be lifted up when not in use, 
are made of pitch pine with oak framing, and when lowered 
are supported by the iron brackets shown in Fig. 13. 
Similar hinged platforms are provided at each storey in front 
of the openings giving access to the hoisting towers. 

15. Railway Tunnel through Shed.— A very inter- 
esting structural detail is the railway tunnel passing obliquely 
through the ground floor of one of ihe sheds, in order to 
permit goods trains to pass from the dock quay to the 
sidings As illustrated in Fig. 15, this passage is completely 
isolated from the sheds by walls of concrete-steel to avoid 
all risk of fire. The arch^ beams carrying the floors above 
have a span of 50 ft., .and support a superload of 260 tons 
each. 

16 Precautions against Fire.— Being built entirely 
of concrete-steel, the sheds themselves are incombustible, 
but for the purpose of enabimg the officials to isolate any 
local outbreak of fire in the goods stored, and to deal with 
it in the most efficient manner, the various floors of each 
shed are divided into two parts by a 4 in. concrete-steel 
party wall, extending from front to back. In each party 
wall there are two openings 12 ft wide, fitted with double 
sliding doors, these and all other doors in the buildings 
being of fire-resisting construction. 

Each shed is provided with three stairw.ays, situated at 
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each end and in the middle of the building, as indicated in 
Fig. 4. Each staircase includes forty-eight steps, twenty- 
four between the ground and first floors, twelve between the 
first and second floors, and tw'elve between the second floor 
and roof. The enclosures, treads, and all other details of 
these staircases are of concrete-steel. 

17. Roof Details. — The roof parapets along the sides 
and back of each shed are formed by a continuation of the 
concrete-steel outer walls. These parapets are 39 in. high, 
and inside them runs a concrete-steel rain-water gutter. 
The parapet at the front of the sheds is of cast iron, secured 
by foundation bolts let into the concrete below, but the 
reason for the choice of this material is not very apparent. 
Concrete foundations have been built on the roof, between 
the bridge and the front parapet, for the 30-cwt. electrically 
driven hoists previously mentioned. 

The floors and flat roof of each shed ore finished with 
asphalt. On the ground floor there are two 5 -in. layers of 
this material laid in sheets with overlapping edges, on the 
first and second floors two l-in. layers, and on the roof two 
4 -in. layers with overlapping edges. 

18. Bridges between Sheds.— -The bridges, or gang- 
ways, connecting the adjacent buildings are about 24 ft. long 
by 12 ft. wide. Each bridge is supported upon two rolled 
steel j'oists, 16 in. deep, connected by four ij-in. diameter 
tie-bars. The decking and other details of the bridges are 
composed entirely of reinforced concrete, and it should be 
noted that the concrete is quite separated from that of the 
sheds, gaps 14 in wide being left at each end to provide 
space for expansion in hot weather. 

19. Provisions for Mechanical Plant, Pipes, and 
Electric Cables. — One interesting feature in connection 
wth the design and construction of these buildings was 
the very complete manner in which provision was made for 
embedding bolts, hooks, and other fastenings for mechanical 
appliances and electric cables, and for forming conduits to 
receive pipes and electric light wires. Provision for the 
numerous fastenings had to be made in the timber moulds 
for the beams and other members. In some places it was 
necessary to insert timber blocks, so as to form holes in the 
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concrete, wherein the fastenings could be caulked with 
cement, and in other places the fastenings themsehes had 
to be inserted through the sides or bottom of the moulds. 
Owing to the great number of the dilTercnt attachments, and 
the immense \ ariety of size and shape, considerable care was 
necessary to a\oid mistakes. 

Provision for running elcciricdight wires was made by 
embedding tubes in the concrete near the upper surface of 
the floor beams. These tubes were filled with dr)’ sand, so 
as to enable them to withstand the weight of the concrete, 
the ends being se.'vled up with plaster of Pans. After com- 
pletion of the concreting the ends of the tubes were 
unsealed, and, the sand being remo%ed, the conduits were 
ready for winng. 

The main cables for the supply of electricity for power 
and light are suspended from the under side of the floors 
by means of eye-hooks screwed into blocks of wood, which 
were set in the beams during construction, as described 
above. 

20. Column and Floor Tests.— In concluding this 
description of the warehouses we cannot do better than give 
some results obtained during the tests which were conducted 
on the columns and floors m March 1904. 

We will first take the test of a column on the second 
floor. The area covered by the load is indicated in Fig. 16, 
and the results of the tests are gnen in Table I. Fourteen 
instruments were employed for the measurement of deflec- 
tion, the positions of these being shown by numerals on the 
plan. 

All the floors and the flat roofs were calculated for a 
normal load of 1,875 kilc^rammes per square metre 
(384-37 lb. per sq ft.), and were tested to one and a half 
times this load — namely, to 2,800 kilogrammes per square 
metre (574 lb. per sq ft ) 

As representative examples of floors tests, we have 
selected three which were conducted upon main and 
secondary beams on the second storey. I'he areas coiered 
by the loading are shown in Figs. 1 7, 18, and 19, and the 
results are given in Table II 

Tests Nos 2, 3, and 4 were conducted thus; — 
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each end and in the middle of the building, as indicated in 
Fig. 4. Each staircase includes forty-eight steps, twenty- 
four between the ground and first floors, twelve between the 
first and second floors, and twelve between the second floor 
and roof. The enclosures, treads, and all other details of 
these staircases are of concrete-steel. 

17* Roof Details. — The roof parapets along the sides 
and back of each shed are formed by a continuation of the 
concrete-steel outer walls. These parapets are 39 in. high, 
and inside them runs a concrete-steel rain-water gutter, 
The parapet at the front of the sheds is of cast iron, secured 
by foundation bolts let into the concrete below’, but the 
reason for the choice of this material is not very apparent. 
Concrete foundat/ons have been built on the roof, between 
the bridge and the front parapet, for the 30-cwt. electrically 
driven hoists previously mentioned. 

The floors and flat roof of each shed are finished with 
asphalt. On the ground floor there are two f-in. layers of 
this material laid in sheets with overlapping edges, on the 
first and second floors two f-in. layers, and on the roof two 
J-in. layers with overlapping edges. 

18. Bfidg’es between Sheds.—Thebridges,organg- 

ways, connecting the adjacent ' ’ — 

by 12 ft. wide. Each bridge 

steel joists, 16 in. deep, conn 
tie-bars. The decking and oi 
composed entirely of reinforce 

noted that the concrete is quite separated from that of the 
sheds, gaps in. wide being left at each end to provide 
space for expansion in hot weather. 

19. Provisions for Mechanical Plant, Pipes, and 
Electric Cables. — One interesting feature in connection 
with the design and construction of these buildings was 
tlie very complete manner in which provision was made for 
embedding bolts, hooks, and oiherfastenings for mechanical 
appliances and electric cables, and for forming conduits to 
receive pijies and electnc light wires. Provision for the 
numerous fastenings had to be made m the timber moulds 
for the beams and other members. In some places it was 
ncccssaiy to insert timber blocks, so as to form holes in the 
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concrete, wherein the fastenings could be caulked with 
cement, and in other places the fastenings themselves had 
to be inserted through the sides or bottom of the moulds. 
Owing to the great number of the dilTerent attachments, and 
the immense variety of size and shape, considerable care was 
necessary to avoid mistakes. 

Provasion for running eleclnc-hght wires was made by 
embedding tubes in the concrete near the upper surface of 
the floor beams. These tubes were filled with dry sand, so 
as to enable them to withstand the weight of the concrete, 
the ends being sealed up with plaster of Pans. After com- 
pletion of the concreting the ends of the tubes were 
unsealed, and, the sand being removed, the conduits were 
ready for wiring. 

The main cables for the supply of electricity for power 
and light are suspended from the under side of the floors 
by means of eye-hooks screwed into blocks of wood, which 
were set in the beams during construction, as described 
above. 

20. Column and Floor Tests.*— In concluding this 
description of the warehouses we cannot do better than give 
some results obtained during the tests which were conducted 
On the columns and floors in March 190.1. 

We will first take the test of a column on the second 
floor. The area covered by the load is indicated in Fig. 16, 
and the results of the tests are given in Table I. Fourteen 
instruments were employed for the measurement of deflec- 
tion, the positions of these being shown by numerals on the 
plan. 

All the floors and the flat roofs were calculated for a 
normal load of 1,875 kilogrammes per square metre 
(384.37 lb. per sq ft.), and were tested to one and a half 
times this load — namely, to z,8oo kilogrammes per square 
metre (574 lb. per sq ft.). 

As representative examples of floors tests, we have 
selected three which were conducted upon main and 
secondary beams on the second storey. The areas covered 
by the loading are shown in Figs. 17, 18, and 19, and the 
results are given in Table II. 

Tests Nos. 2, 3, and 4 were conducted thus: — 
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The area ABCD (Fig. 17) was first loaded up to 45 
tonnes, then to go tonnes, and finally to the full test load 
of 410 tonnes. 

The area EFGII (Fig. 18) was first loaded by the 
transfer of 45 tonnes from ABCD, then 45 tonnes and 50 
tonnes were successive!} transferred from ABCD, making 



Fig. 17 . Fig. iS Fig 19. 


Up the full test load of 140 tonnes. Thus, when the load 
of 45 tonnes was on EFGH, 95 tonnes still remained on 
ABCD, and when the load of 95 tonnes was on EFGH 
45 tonnes remained on ABCD. 

A similar method of procedure was followed in transfer- 
ring the load from the area EFGH to the area IKLM 
(Fig. 19). 

During the loading of ABCD the beam V, uhich is a 
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continuation of tlie beam X, indicated an inverse deflection, 
being bent in an upvrard direction. The same efiect was 
produced in X while Y was under load. It should be 
noticed that the floor areas tested e.xhibited remarkable 
elasticity. 

The mean deflection shown by tests Nos. 2 and 3 
measured only 8.7 millimetres and 8.6 millimetres respect- 
ively. As the permissible amount of deflection was 
12. t millimetres, these results are very satisfactory. The 
mean deflection observed in test No. 4 was 5.5 millimetres, 
the permanent set after unloading being inappreciable. 


[Table I. 



uim A Column on the SEfX)'<D Storey of Shed No. 5 (sec Fic. 16). 
Test Load, 140 Tonnfs. 

yj// Keadtngi are gtivn tn Alillimelres. 
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Table II —Floor Tests on the Second Storey of Sued No 5 (see Fics. 
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metres, to correspond with the transverse dimensions of 
the columns. 

Along each end wall of the warehouse there are, in 
addition to the two comer columns of type K, six columns 
of type 1, measuring 50 centimetres by 35 centimetres, 
making eight columns in <»ch v\alL The cylinder founda- 



I ■(., 22.— Half loundation I’J.vn. 


tions and ihc cast-iron bases for the type I columns are of 
the same dimensions as fc *’ ' ' ' 7 ’ ' *7 

On either side of the 
there is a row of eight ; . ' . 

two of type I, making f •' ' ' 

foundation (liers for these interior columns are of 2 metres 
diameter; the cast-iron b.iscs measure 1.20 metres square 
at the bottom, and 60 centimetres square at the top, the 
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columns themselves having a sectional area of 60 centi- 
metres square. 

The other interior columns are those of type L, which 
are of much smaller dimensions, being intended merely 
for the support of a load below the le%el of the first floor. 
The cylinder piers for these columns are 1.40 metres in 
diameter, the cast-iron bases are 80 centimetres square at 



the bottom, while the columns themselves measure 25 
centimetres square. 

The columns generally are disposed m rows 5 metres 
apart, centre to centre, measured along the main axis of 
the building, but the sparing of the columns in the 
transverse row s is not uniform. At each end \vall two of 
the I type columns are spaced 3.35 metres apart, one on 
either side of the centre line, then comes another column 
at a distance of 2325 metres, and finally come two outer 
columns at inters'als of 5 metres apart. 

3 
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The columns in each of the other rows are spaced on 
either side of the centre line as follow: — 

Centre to column G . . . . i.So metres. 

Column G to column I . , . 4.10 „ 

Column I to column L . . . 4.05 „ 

Column L to column H . . . 4.05 „ 

The dimensions given for the mam columns in the walls 
of the building, and for the interior columns, only apply 
so far as concerns those portions of their length extending 
up to the beams supporting the punfication tanks and 
first floor (see Articles 23 and 24). Above that height the 
G and I tj’pe columns are reduced in sectional area pro- 
portionately inth the reduced load to be carried, and none 
of the L tj'pe columns are continued up to first floor level, 
since the only reason for their emplo)Tnent was to afford 
intermediate supjwn for the members beneath the tanks. 

23. Purification Tank Supports.— The reason for 
the arrangement of the columns in the manner indicated 
is to proride for supporting eight punfication tanks, each 
measuring 9.44 metres square by 1 50 metre deep, and 
weighing 140 tons, including the contents. TTiese tanks 
are earned upon a system of mam and secondary beams, 
the ends of the main beams being supported by the outer 
columns of tj-pes H, I, and K in the front, back, and end 
walls, and by the columns of type G on either side of the 
centre line of the building, while intennedute support is 
afforded by the columns of type L. 

Fjg 23 15 a half plan of the tank beam sj'stem, which, 
as explained in Article 24, does not constitute any part of 
the first floor proper. 

Referring to this drawing, the main beams extending 
from front to back of the building are supported by rows 
of columns, and the spacing between each beam is con- 
sequently 5.00 metres, centre to centre. All these beams 
are of concrete-stecl, and measure 16 centimetres wide by 
45 centimetres deep. 

Below the areas covered by the tanks, and along the 
lines of columns G, the mam beams are connected by 
secondary- beams with a cross section measuring t6 centi- 
metres wide by 40 centimetres deep 
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On either side of the longitudinal axis of the building the 
secondar)' beams are spaced as follow : — 


From axis to line of columns G . 
From line G to first beam . 

Between the next three beams . 
Between the next four beams . . 
From last beam to centre of columns H 


I. So metres, 
o 80 
1. 10 

*•35 

2.70 

The positions of the four tanks in one-half of the building 
are indicated in Fig. 23 by broken lines. Inspection will 
show that there are ample spaces between the tanks them- 
selves, as well as between them and the ends and sides of 
the building. The superload on the tank beam system 
was specified at 1,500 kilogrammes per square metre, about 
307 lb. per square foot. 

24. First Floor Construction. — The spaces around 
the tanks are occupied, as shown in Figs. 24 and 25, by the 
first floor, which consists of beams and a floor slab sup- 
ported along the outer edges by the columns H, K, and 
I, and elsewhere by dwarf columns buiit up from the beams 
upon which the tanks are placed. In this plan the outer 
brick walls are indicated, together with the 15-centimetre 
square concrete-steel stanchions, which, together with the 
main columns and honzontal members in this and the 
upper storey, constitute a complete skeleton framing for the 
entire building. 

For supporting the floor, beams 16 centimetres wide by 
42 centimetres deep are carried along the front, back, -and 
end walls between the columns. Then, at a distance of 1.03 
metres from these beams, there is a line of dwarf columns, 
with the cross section of 15 centimetres square, built up from 
the secondary beams below the tanks. These four rows are 
situated one near each end and side wall of the building, 
and one at each side of the longitudinal centre line. 

Upon the dwarf columns are beams 25 centimetres wide 
by 17 centimetres deep, for a concrete-steel floor slab, 6 
centimetres thick, which extends o\er the two parallel 
series of beams, forming a continuous platform round the 
building. 

The front or inner edge of the platform is rebated for 



Vio. 2J.— rian of Pint Ploor. half.) 

wide and one 3.50 metres wide, consist of concrctMtecl 
floor slabs 12 centimetres thick, with suitable su])}>ort from 
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below, but the longitudinal gangway extending from end to 
end of the building is floored «ilh concrete steel only in 



Fie. 25 — Plan of First Floor (Right hand half.) 


the centre for a width of i metre, the remainder of the 
floor up to the tanks on either side being of timber. 
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Fig. 26 is a part cross section of the building, and Fig. 27 
a half-longitudmal section. These drawings will serve the 
purpose of further explaining the details of construction, 

■ From the particulars stated above it will be seen that the 
first floor is really a platform pierced by eight openings, in 
each of which is a large shallow tank, partially sunk below 


O'- — 




Fic. a6. — Part Cros< Seclion of Storehouse. 


the floor level, above which the upper part of each tank 
projects to a height of 40 centimetres. The calculated 
superload on this floor was 500 kilogrammes per square 
metre, about 102.5 Ib. per square foot. 

25. Second Floor Construction. — To show the 
general arrangement of the mam and secondary beams in 
the second floor, we gii'e in Fig. 28 a half plan of the 
storehouse at that level. 
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The dimensions of the columns were stated in Article 
23, and, A\ith the exception of type G columns, the sec- 
tional areas are the same as in the lower portion of the 
building. Along the front and back walls the columns K 
and H are connected by wall beams measuring t6 centi- 
metres wide by 40 centimetres deep, these members being 



Fig. 27. — Half Longitudinal Section of Storehouse. 


monolithic with the columns, and receiving intermediate 
support from the small rs-cenlimetre square stanchions 
between the columns in the storey below. The beams at 
each end wall are 24 centimetres wide by 40 centimetres 
deep; these also have intermediate support from 15-centi- 
metre square stanchions, except in the three centre spans. 

The main beams perjiendicular to the longitudinal axis 
of the building are 30 centimetres wide by 78 centimetres 
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deep, Jlinsc at tlic front ami hack haiin;* the clear span of 
ji.sS nn-tres, hIiiIi' U-twicn the Innjiifiulinal rows of 
columns Cl the clear span « ^ metres. AU the f.ccomlar>' 
lic.anis have the dimensions of id centimetres twdc hy 36 
centimetres d( ep. 

Over the whole heam sjstcm a concrete steel floor .slab is 
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fiirmetl, in which l«o i 50 metre s pi.are, .are 

left osrr cacli l.ink on die fliKir Iwlnw Unis tliire are 
sixteen opcniiif^s in al! 'Hie ihicLnest of ilu floor sl.ili is .*» 
re ntimrifi's, liul ah»n^ ll.c yan^waj', or |xass.i^'rs running 
from end to «nil ami from side to »id» of t(ie Imiliiin^ llie 
lliiflncss 11 inmascd I09 ccntinietres ’Hie sturwa)s 
Icadm^; up from the «torcj Ik low ami to the tirraecroof 
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above this floor arc situated in the longitudinal passage, 
but are not shown in Fig. *8, as they occur in the opposite 
half of the building. 

The second floor was designed for a superload of 1,000 
kilogrammes per square metre, about 205 lb. per square foot. 

26. Details of Reinforcement — Figs. 29 and 30 
contain details of a type H column, and the mam and 
secondary beams connected therewith) and Figs. 31 and 32 
give similar details of the construciion in connection with a 
column of type G. 

In the lower drawing of Fig. 29 we have a horizontal 
section showing the vertical reinforcement in the column 
H, consisting of four steel bars of 42 millimetres diameter, 
one at each corner and two bars of 20 millimetres diameter, 
all six bars being placed within about 20 millimetres of the 
outer surface of the concrete, and tied by transverse spiral 
hooping of 0-millimetre diameter wire. The same drawing 
shows small portions of two i6-C€ntimetre by ^o-centimetre 
wall beams FF, and part of one 3o-centimetre by 78- 
centimetre main beam A. The reinforcing bars of these 
members meet in the column, and are securely connected 
by the concrete. 

Further details of the column and beam construction 
are given in the upper drawing of Fig. 29 and in Fig. 30, 
where the spiral reinforcement of the column H is clearly 
indicated. The longitudinal reinforcement of the wall 
beams consists of two bars each of 18 millimetres diameter 
situated in the floor slab. Fig. 30 shows that the four 
bars of longitudinal reinforcement m the wall beam are 
connected by vertical loops of steel wire, for withstanding 
shearing stresses, and that over the tw 0 bars, which are of 
6 millimetres diameter, a thin rod is placed, this being for 
the equalisation of stress. Similar vertical loops and 
transverse rods are placed at frequent intenals m the 
length of each beam. 

The longitudinal reinforcement of the mam beam includes 
eight bars of 41 millimetres diameter m the tension area, in 
two rows of four bars, between them being a short bar of 
14 millimetres diameter to distribute the stress. Similar 
pieces are placed at intervals along the beam. There are 
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brackets. It simply consists of two bars of 16 millimetres 
diameter bent at each end so as to provide for secure 
anchor^e into the concrete of the columns and floor beams 
respectively, the brackets themselves measuring 60 centi- 
metres high by 50 centimetres wide. 

The reinforcement of the floor slabs between the main 
and secondar)' beams consists of 6-millimetre and S-milli- 
metre diameter rods disposed crosswise so as to form a 
network with meshes from 13 to 14 centimetres square. 
It will be seen by the drawings that all these rods are 
securely cormected with the reinforcement of the beams in 
order to bind the construction togelhcr. 

Above the level of the second floor the dimensions of 
the H type columns are reduced to 40 centimetres by 35 
centimetres, and the four comer verticils to 16 millimetres 
in place of 42 millimetres I'n t.*ie storey below, and the two 
intermediate bars of 20 millimetres diameter are replaced 
by others of ro millimetres diameter. The spiral hooping, 
however, still consists of 6-millimetre diameter wire. 

Figs, 31 and 32 contain drawings illustrating the details 
of type G columns, and the floor system in connection 
therewith. The general construction is very much like 
that already described, but as the span of the mam beams 
is comparatively small the proportion of steel is very much 
less than in the case of the beams proceeding from the 
type H columns. 

Having no wall load to carry, the corner vertical bars 
of the type G columns have the diameter of 36 millimetres 
m place of 42 millimetres, and there are four lo-millimetre 
bars, one in the middle of e.ich side. The spiral hooping, 
as before, is of 6 millimetres diameter. 

Columns of type G are reduced in area above the level 
of the second floor to 40 centimetres square, and the 
reinforcement is reduced to the dimensions of 16 milli 
metres diameter for the four comer bars, while the four 
intermediate bars are kept at the diameter of 10 milli- 
metres. The cross section at the bottom of Fig, 31 indi 
cates the comparative dimensions of the upper and lower 
sections of a type G column. 
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are required in the tension area, these bars being of i8 
millimetres diameter, and over them are distributing rods 
as in all the other beams, the diameter m this case being 
ro millimetres. The three bars in the compression area 
of the same beam are of 14 millimetres diameter, and they 
are connected with the lower scries by vertical ties of 4 
millimetres diameter, these ties occurring at intervals of 10 
centimetres along the beam. 

27* Roof Construction. — Fig 33 is a half-plan of 
the terrace roof showing the arrangement of the beams 
and the position of the Lintems. 

The type I columns are reduced above the level of the 
second floor to 40 centimetres by 35 centimetres, with a 
corresponding reduction of the reinforcement, but the type 
K columns are continued without alteration of transverse 
dimensions to the top of the building. 

The roof beams at the front and back of the building 
are 16 centimetres deep, and those along the ends arc of 
the same dimensions. These beams receive intermediate 
support from is-ccntimctrc square stanchions in the walls, 
as m the case of the first and second floors. The mam 
beams running from front to back arc 24 centimetres wide 
by 70 centimetres deep, and, like those on the floor below, 
receive additional support at the columns from bracketed 
projections on the hst-mcntioncd members The secondar)’ 
beams measure 10 centimetres wide by 25 centimetres deep, 
and are spaced 2025 metres apart, with the ctception of 
two i-So-mcfre spans between the type C columns. 

As the roof has only to bear Us own weight, the terrace 
was calculated for the very sm.ill supcrload of 50 kilogrammes 
per square metre (10.15 Ib. per square foot). Consequently, 
the dimensions of the beams arc much smaller than those 
on the second floor, the diflercncc living much more marked 
m the secondary' than in the mam beams. 

The roof slab is of reinforced concrete 6 centimetres 
thick, and has a fall of 1 centimetre per metre to provide 
for the flow of rain water into the gutters llic slab is 
pierced by twelve openings for the lantern structures, 
these openings lietng iiordircd by trimmers of tlic same 
width .and depth the secondary beams and continued 
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The \*arious floors Trere designed to afford the accommo- 
dation stated below : — 

Basement — Accumulator room for electric light ; 

Boiler house for heating apparatus; 

Packing department. 

Ground /Zivr— Offices and stationer}* stores. 

First Floor — Printing and bookbinding departments. 

Second Floor — Stores for books and papers. 

Third Floor — Stores for books and papers. 

Roof— Storage of materials not liable to injur)* 

by weather. 

It is stated by Mr. W. Armstrong, M.Inst.C.E.,* who 
designed the warehouse for the Great \Vestem Railway, 
that the cliief reasons which influenced the company in 
favour of reinforced concrete construction were the relative 
economy and rapidity of erection as compared with ordinal)* 
building construction. But another reason was found in 
the capadt)* of reinforced concrete to cott}' the lieaiy 
loads demanded, and to withstand the se\ere stresses due 
to the constant vibration anticipated from the running of 
fast trams within 5 feet of the building. It may be assumed 
that the valuable flre-resisting properties of the construc- 
tion also received due consideration. 

29. Foundations.— The foundations are in yellow cl.iy, 
the column b.ases and other footings being e.\tended so as 
to keep the pressure on the ground within the limit of 3 
tons per square foot. Fig. 35 is .a plan showing the position 
of the reinforced concrete columns, and reference to Fig. 34 
will enable the reader to form an idea of the column bases. 

30. Column Construction.— The following are the 
transverse dimensions of the \arious columns up to ground 
floor level — 

Tj-jxr I . . . 2 ft 2 in. b) 2 ft. 2 in. 

2 ^ . 2 ft. 4 in. bj 2 ft. 4 m. 

,, 2M . 3 I l’> 2 fi- 4 In 

„ 3 . . . 2 ft. 4 in by j ft. 2 in. 

M 4 . . • • 2 ft 4 in. b) I ft. 6 in. 

5 . . I ft t> in l.j I ft. 6 in. 

,, b . . . 2 ft. 4 m b\ I ft. 6 iru 

,, 7 . . . ('tciinnatarea ioi«i ft) 

* Ccrt.TtU an.{ £n^nffrin^, \ol. I. Xo. 2. 
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Fig. 35 shows that IwcntyAhrec columns are to be found 
in the basement storey, but of these only twenty are carried 
to the top of the building. The other three (type 3) are 
merely intended as intermediate supports for the main beam 
beneath the front wall. 

.31. Column Reinforcement. — ^The number and dia- 
meter of the steel bars employed as reinforcement in the 
columns necessarily varies according to the shape of the 
columns and the load to be canied. 

Fig. 361$ a section appljmg particularly to columns 2A 
and 2B, but may be taken as generally representing the 



Fig, $ 6 . — Ilomonul Section Fig. 37. — Cross Section o[ 

of Mam Column. Main Ueam. 


system of reinforcement in the other columns. It should be 
noticed that the corners of the columns are protected 
against accidental injury by angle bars, which reach to the 
height of about 6 ft. above floor level- 

The method of moulding the columns was substantially 
the same as that followed in the case of the Transit Sheds 
at Manchester Docks (see Article 7). 

32. Floor and Roof Beams and Slabs. — The main 
beams, extending longitudjnafly through the building, are 
spaced at intervals which vary slightly with the spacing of 
the main columns, but may be averaged approximately at 25 
ft. 6 in. from centre to centre. 'I'he exact intervals are 
figured in Fig. 35 The columns and main beams are 
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connected transversely by secondary beams spaced 5 ft. 
apart, centre to centre, thus dividing the floor system into 
panels measuring 25 ft by 5 ft. 

Fig. 37 IS a typical cross section showing the reinforce- 
ment of the main beams, which, with the exception of those 
m the flat roof, measure 18 in. wide by 35^ in. deep, including 
the thickness of the floor sbb. 

Fig. 38 is a longitudinal section illustrating the construc- 
tion of a main beam, the column connections, and the 
proportions of the secondary beams connecting the interior 
and wall columns. 

The secondary beams are similar in construction to the 
main beams. Their general dimensions are 12 in. wide by 
27J in deep. 



F;c. 38. — Longitudinal Section of Main Beam. 


The floor slab in each storey 155 J in. thick, and is reinforced 
by longitudinal and transverse bars. 

As the construction of the floore is essentially similar to 
that previously described, the reader is referred to Articles 
II and 1 2 for further p.articulars. 

All the floors are designed for a superload of 5 cwt. per 
square foot, and according to the engineer’s specification 
this load is to be carried without permanent deflection. 
Fig. 39 is a view which gives a good idea of the floor con- 
struction. 

The roof is similar to the floors, but of far lighter con- 
struction, being proportioned for a superload of only about 
62 lb. per square foot. 

33. Concrete. — Thames ballast broken to the maximum 
size of I in. formed the aggregate for the concrete used, the 
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proportions in general being i part of Portland cement to 
S parts of ballast. The average thickness of concrete out- 
side the reinforcement was 1^ in. for columns and i in. for 
the under side of the floors. 



A CHICAGO WAREHOUSE RUILDINC 

34. Main Structural Features. — In this building the 
application of concrete-steel is limited to the interior, as 


Fig. 39, — Great Western Kailnay Stationeiy Warehouse (Interk 
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connected transversely by secondar>’ beams spaced 5 ft. 
apart, centre to centre, thus dmding the floor system into 
panels measuring 25 ft by 5 ft. 

Fig. 37 is a typical cross section showing the reinforce- 
ment of the mam beams, whjch, with the exception of those 
in the flat roof, measure 18 in. wide by 35^ in. deep, including 
the thickness of the floor slab. 

Fig. 38 is a longitudinal section illustrating the construc- 
tion of a main beam, the column connections, and the 
proportions of the secondaiy beams connecting the interior 
and trail columns. 

The secondary beams are similar in construction to the 
main beams. I'heir general dimensions are is in wide by 
27J in. deep. 



I’m. jS.— I/Ongitwiiiul Section of .Main Ilcam. 

The floor slab in each storey is 5* in. thick, and is reinforced 
by longitudinal and transverse b.irs. 

As the construction of the floors is essentially similar to 
that previously described, the reader ts referred to Articles 
II and 12 for further particulars. 

.\U the floors .arc ilcsignctJ for a superload of 5 cwt. per 
squ.irc foot, and according to the engineer’s specification 
this load is to be earned siithout {lermanent deflection. 
Fig. 39 is a s/cH which gives a goo<I ide.i of the floor con- 
struction. 

The roof is simil.ir to the floors, but of far lighter con- 
struction, being proportioned for a sufwrio.id of only about 
62 11). per square foot. 

33. Concrete. — Th.imcs ballast bniken to tfie m.aximum 
sire of | m. formed the aggregate for the concrete use<l, the 
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the outer walls are of brick masonry built in the ordinary 
manner. In accordance with the practice general in the 
United States, the wain features ot the buiJdingweredesigned 
by an architect, and the purely structural work was executed 
from the drawings and under the supenntendence of a 
civil engineer. 

The building, occupying a site measuring loo ft. wide by 
130 ft. deep, with frontages on Michigan Avenue and J3th 
Street, Chicago, was designed for seven storeys, of which 
four were finished and occupied in the year 1904, leaving 
the other tliree to be added as tenants offered them- 
selves. 

Fig. 40 includes a part sectional elevation through the 
outer wall beams and columns, and an elevation of one 
series of columns showing details of the beams and floor 
slabs. 

The height of the different storeys are — ground floor, 
10 ft. 6 in.; first storey, 15 ft; second and third storeys, 
12 ft. each, the clear height in each case being 1 ft. d in. 
less. 

All the concrete-steel work, including column bases, 
columns, beams, joists, and floor slabs, is monolithic, 
being formed of Portland cement concrete of somewhat 
different proportions, reinforced by round rods of mild 
steel with an elastic limit of 36,000 lb. per square inch, 
these rods being of different diameter according to require- 
ments. 

35. Column Bases. — The columns are spaced 15 ft. 

6 in. apart in rows running from front to back of the 
building, the rows being at a distance of so ft. one from 
another, measurements being taken from centre to centre 
in e.'ich case. 

The column b.ises rest upon a layer of fine sand, per- 
meated with water, above a stratum of blue clay, and the 
bases arc proportioned so as to keep the load down to 4000 
Ib. per square foot. 

I" ' ' . » ^ ypical column base, 

the ’ r I ft., but in some 

case No vertical bars or 

stirrups for resisting shear are employed, but the downw.ard 




I'li.. A Oi»rag«> \\archtni%c (Sectional I If^ations). 

In constructing t?>c btses, a 4 in. la)er of concrete was 
first formcJ, the proportions bcin^ 1 jurt of Fortland cement, 







A CHICAGO WARKIIorSi: nUILDING 57 

6 in. 3 !>o\c c.irh fioor loci Ijt mr-in* of loosely fitting 
of pai liarrcl, into wImcIi iIjc rndt of the liars «ctc 
inserted and the annular nucrs fdktl »nh cemem prnul. 
Tor the purpose of m»uring ptxjcl ticanng of one Uir tijion 
another the end rutfacr* of the liar were Iiammcrctl 
square. 

Ily the trant\cr»c and srrijcal ‘ceiion* m I ig. 40 it will 
l>c seen that the rcinfortxmcnt of each column consists of 
four xertical bars conneetcti at internals by J m. dumeter 
bands cross tieil with wirev 

The sertical birs in the prouni! floor columns arc of 
in. diameter, the liars for the lengths aliosc l>cing 
reduced in diameter tn accordance sntli the diminution of 
load, as indicated by the sertical section in Tig. 40. 
'Hiroufliout tlic columns the conaclc consists of i jwrt of 
Portland cement, : pans of sand, and s parts of washed 
gras cl passed through a j m ring. 

38. Beam DcUi'Is.— Pig. as 'hows details of titc 



Tie 4j — Miin llcitn Ucinfurcfnicni 


reinforcement in one of the mam heams, and it will be 
seen that the bars form the Imd of truss usually adopted 
in the Ilennebiquc system. The tension reinforcement 
consists of three i in. bats, and the compression reinforce- 
ment of three in. bars There are also three bent bars 
of I in diameter, to provide for continuous girder action. 

A nosel feature of the reinforcement is that the three 
bars in each truss are connected by means of electrically 
welded network, 4 in by 6 in. mesh, one net enveloping 
each set of reinforcing bars for one-third of the span at 
each end. The three separate sets of reinforcement are 
similarly connected by means of another net e.xtending 
over the centre third of the span. The nets were bent 
over and wired to the compression bars, thus preventing 
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these from buckling in an upward direction under heavy 
load. All the reinforcing bars were bent at the ends, for 
a length vaiying from i in. to 3 in., to the form of a right 
angle, so as to increase the bond between the concrete and 
the steel. 

39. Column Moulds. — In building up the columns 
the reinforcement was first erected, and the moulds were 
then set up, clamped, and carefully plumbed and squared 
with the building. 

Details of the moulds will be seen in Figs. 44 to 47. 
They consisted of square boxes of in. pine boards 
screwed together with 2 in. by 6 in. cleats, and bound at 
inteiwals by a in. by 4 in. clamps bolted at the comers, the 
ends of the clamps being wired as shown m Fig. 44. The 
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Fio. 44 — Seclion on 
(Fig. 46). 


AA 1 IC. 

Column ^toul<I^ 


45 — Section on Bit 
(Kig, 46). 


clamps were fi.\ed by dming wedges between them and the 
cleats. 

The moulds were constructed so that they could be 
lengthened or shortened to suit the heights of the different 
storeys of the building 

Fig. 45 IS a cross section of a column mould at BB, and 
shows the amngeracnt for the connection of longitudinal 
and transverse beams. At the capitals of the columns 
bracket reinforcement, consisting of four J-in. bent bars, 
was placed (see Fig. 40) for connection with the lower 
reinforcement of the beams, and to afford more adequate 
support for the beams as well as to provide for shear. 

Concrete, mixed ^ery net, was poured into the moulds, 
and the greatest care was taken to ensure its penetration 
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to all parts of the mould by stirring and tamping down the 
material between the bars. 

40. Beam Moulds. — ^The beam moulds were next set 
up in accordance with the arrangement represented in Figs. 
46 and 47. 

The beam moulds were connected at each end to the 
column moulds, where they received additional support 
from 2 in. by 6 in. timber struts, and were supported 
further by three 4 in. by 6 in. timber posts placed on 
wedges at floor level, and diagonally braced with i in. by 
6 in. boards, as indicated by dotted lines in Fig- 45. 

41. Floor Slab Centring. — As soon as the beam 
moulds had been fixed m position the floor centring was 
erected. This was made in four parts for each panel, to 
facilitate handling. The floor surface of the moulds con- 
sisted of boards simply nailed one alongside the other. 
Owing to the weight of the floor, estimated at about 78 lb. 
per square foot, u was considered necessary to apply an 
adjustable centre support below each floor panel, as indi- 
cated by doited lines m Fig. 47. 

42. Fixing Beam and Slab Reinforcement— In 
every case the beam reinforcement was assembled and tied 
together on the ground, being afterwards hoisted and 
.placed in the moulds. To keep the lower bars from 
touching the bottom of the mould, the rcinforcLmcni was 
tied to small trestle frames prosided at inlersals along each 
span ; and to preserse the predetermined lateral spacing, sels 
of wedges were placed betwe-en each of the three trusses, each 
formed by one set of the reinforcing bars. ’I'lie treslle-s 
mentioned were afterwards used as supports for plank gang 
ways n-quircd for the pur|>ose of wheeling and dumjiing 
concrete to form the floor slalrs. 

After the llo ir ccnitmg liad l»ccn prcpircd the rein 
forcing liars for the floor slab were distributed to difTrrtnt 
points, and laid b) a gang of lab'iurers u[>f>n marks 
presiousl) nndc on llic biards of ilu floor cmtring I wo 
lallurs followed the lalnaurers to win. ih liars together. 
•Ml b.irs in the ojlcr rows that is, th *s* n- »t to the beams 
were In-d at esery inierseeti'n m ea< h dirirtion, and the ni-it 
thn-c n)w> W( re lied at « »«) third inters, it ion Hie bars in 
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of buildings is founded on reinforced concrete piles, beams, 
and slabs. For about half its length the superstructure of 
the goods shed is of steel, but the other half, surmounted 
by the warehouse, was constructed together with the 
warehouse itself entirely of reinforced concrete on the 
Hennebique s}stem, under the supervision of the railway 
engineers. The adoption of reinforced concrete was chiefly 
due to the economy and rapidity of construction rendered 
possible by the use of that material 

47. Foundations. — As a portion of the site occupied 
by the buildings was former!) a timber dock, the bearing 
power of the ground was an extremely doubtful quantity, 
and for this reason it was decided by the engineers to 
employ reinforced concrete foundations, supported on piles 
_ of the same material. 

Fig. 49 is a plan of the entire building, wherein the 
positions of the piles are indicated, and Fig. 50 is a 
transferee section through the good# shed and warehouse 
which will serxe to make clear the design of the foundation 
system. 

The piles, 274 in number, vary m sectional area from 
12 in. to 14 in. square, and are driven in seventy-four 
groups as stated below. The letters used correspond with 
those in Fig. 49. 

A, 14 groups of two 14 inch square piles. 

B, 18 ,, two 12 „ „ 

C, 13 .. three 14 „ „ 

D, 2 ,, four 14 „ „ 

E, 18 „ five 14 „ „ 

F, 9 „ six 14 » 

About 3 ft below rail level the individual piles of each 
group are connected by reinforced concrete column bases, 
as illustrated m Fig. 50, the bases being connerted in turn 
by reinforced concrete beams, so that the foundations really 
constitute a completely framed structure. 

Ninety 12 in. square piles were required for the founda- 
tions of the steel superstructure of the goods shed, and one 
hundred and eighty 14 in. square piles for the reinforced 
concrete portion of the building. 

5 
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48. Pile Driving". — ^I'he average length of the piles is 
32 ft. They were driven by means of a 5-ton monkey with 



a drop of 4 ft., about thirty blows per minute being given. 
During the operation of driving the upper end of each pile 
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M-as proteclcd by a ca^t »itccl cap wiili a filling of sawdust 
to distribute the force of the blows, and a timlxir dolly was 
also cmplojcd as usual. 

49. Main Columns. — At one side of the building a 
fiank wall evtends for the full length of 541 ft., and in the 
portion beneath the warehouse this wall is strengthened by 
piers measuring t ft. 9 in. by to in., spaced 7 ft. ap.irt 
centre to centre. In addition to tbc wall piers there are 
four longitudinal rows of columns, the spacing of the 
columns m each row being 27 ft from centre to centre, 
while the spacing bclwrecn the several rows of columns and 
piers IS 29 ft 7 in., 35 ft 2 in-, 46 ft , and 21 ft. 6 in., as 
indicated in I'lg. 50. 

With the e.xccption of four columns which are 18 in. 
square, all the main columns hasc 
the transverse dimensions of 18 in. 
by 24 in. The proportion of rein- 
forcement to concrete vanes accord- 
ing to the load, but the arrangement 
in every case is similar to that repre- 
sented in Fig. 51, all the columns 
being protected by angle bars at the 
comers. 

The column construction gener- 
ally resembles that described in Tie. 51 

Articles 7 and jj 

50. Beams and Floor Construction.—Owmg to the 
great weight to be earned by the warehouse floor, and the 
considerable spans between supports, the mam arched 
beams running across the buildingarc of exceptional strength. 
Fig. 52 is an interior view illustrating the bold and grace- 
ful lines of the arched main beams. 

These beams are i ft. 9 in wide by 8 ft. 5 J in. deep at the 
springing, and 3 ft. 5 j in. deep at the crown, including the 
thickness of the floor slab. The dimensions were made 
uniform for the sake of appearance, but the percentage of 
reinforcement is varied in accordance with the spans. 

Fig- 53 is a section showing the arrangement of the steel 
bars and srirrups in the 35 ft. 2 in span of a main 
transverse beam. 
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Fig. 54 is a photographic \iett' showing tlic moulds used 
for the construction of the bcaims. 


The secondarj* b^ms, shown in 
section by Figs 50 and 53, were built 
monolithic with the main beams, being 
spaced at inten*a1s ranging from 6 ft 
tij in, to 7 ft. 9 in. centre to centre. 
Their dimensions arc 12 In. wide by 
2 ft 2J in. deep, including the floor 
slab, which is 5^ in. thick, and rein- 
forced in the usual manner by longi- 
tudinal and lrans>erse bars. 

Fig. 55 illustrates the manner in 
which the main and secondar)* beams 
are incorporated, and shows the 
stirrups of these members project 
ing above the centring for incor- 
poration in the concrete of the floor 
slab. 

51. Wall and Roof Construc- 
tion. — The walls of the warehouse are 
7 in. thick, and the flat roof is sup 
ported by columns with the cross 
section of 8 in, square rising from the 
mainbeams. Thecoluinnsarcsp.nccd 
27 ft. apart longitudinally, and from 
14 ft. to 15 ft. 6 in. apart transversely 
from centre to centre. 

Main and secondary beams of small 
dimensions connect the heads of the 
columns and carry the roof slab, which 
is in. thick, and is designed for a 
load of about 62 Ib. per square 
foot. 

52. Concrete. — All concrete used 
in the building was made with granite 
chippings and Pennant stone, the 
proportions being i part of Portland 
cement to 4 parts of a^egate for 
columns and walls and i part of 



Flo 55 — Pjrt Section of Arched Itcam. 
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Portland cement to 5 parts of aggregate for beams, floor 
slabs, and the roof slab 



of Column Mi Beam MoulO-!. 



I loorduiing C'^Mructior 
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without permanent deflection, the elastic deflection permitted 
being equal to 3^ of the span. 

On completion of the building two load tests were made 
at first floor level. 

Test No I, which extended over ir days, was conducted 
upon a main beam of 46 ft. span, the load being placed 
upon a surface of 418.5 square feet. 

The maximum load of 112 tons ii cwt. (equal to 6 cwt. 
per square foot was applied on the eighth day, and the 
maximum deflection was then only 0.244 in. as compared 
with the permiss.ble deflection of o 92 in. 

Test No. 3, which extended over 3 days, was conducted 
upon a secondary beam of 27 ft span, the load being placed 
upon a surface of 202.5 square feet. 

The maximum load of 60 tons 15 cwt. (equal to 6 cwt. 
per square foot) was applied at the end of the first day and 
the maximum deflection was then only o 086 in., as com- 
pared with the permissible deflection of o 54. 

THE NORTH-EASTERN RAILWAY GOODS STATION AND 
WAREHOUSE, NEWCASTI.E-ON-TYNE 

54. General Description. — This building, completed 
in August 1906, constitutes the finest and most impressive 
demonstration hitherto available of the advantages of rein- 
forced concrete construction to railway companies. In 
point of size the station is smaller than the warehouses 
described in Chapter I. It possesses other characteristics, 
however, that are far more stnJkjng, the most noteworthy 
being the exceedingly heavy loads earned by the columns 
and floor systems. How great these are may be realised 
by the statement that, in addition to the dead load, 
the main floor is designed to carry the moving load of 
six goods trains, and to withstand the vibratory stresses 
due to the working of heax'y cranes, turntables, and other 
machinery. 

The new building, of which Fig. 56 is a photographic view 
taken from the south-west, is situated at New Bridge Street, 
near the former terminus of the Bl>th and q’yne Railway 
Company, now merged in ibeNortb-Ivastcm R.ai)w.iy s)stem. 
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It forms one item of a comprehensive scheme for looping 
up the various connections of the North-Eastern Railway 
in and about Newcastle. New Bridge Street passenger 
station is no longer to be a terminus, as the coast lines 
have been joined up uiih the main lines north and south 
running into the Central station. To provide for the 
execution of the project, it was necessary to acquire and 
demolish a large area of property in the Manors district, 
part of the land so rendered arailable being reserved for the 
new lines, and the remainder for the purposes of a new 
goods depot, in \ihich the building here under considera- 
tion is a most important part. Fig. 57 is a view showing 
the north end of the goods station 

In addition to station accommodation, provision is made 
for warehousing general merchandise, and for the storage 
of flour on a large scale. The main dimensions of the 
building are 430 ft. long by 178 ft. 4 in. uide by 83 ft 4 m. 
high from the basement floor to the top of the parapet. 

55. Equipment of Low and High Level Stations. 
— T'lg. 58 IS a plan of tlic basement floor, which is designed 
for use as a low -level goods station with four tracks for 
trains, and ample space for dealing with inward and outward 
goods. Access is given to the station by two waggon hoists 
(HH) and a subway leading from the goods yard. I'he 
station is also furnished with a w.aggon traverser and four 
turntables 

Fig. 59 is a plan of the ground floor, designed as a goods 
station in direct communication with the main line of the 
North-Eastern Railway. This floor has six railway tracks 
and three platforms, as well as eight turntables and numerous 
capstans for the manipulation of waggons. 

For de.i!ing with merchandise there are provided in 
the basement two electric cranes DD revolving around 
pillars, and two overhead revolving and travelling electric 
cranes EE. On the ground floor there are two radial 
electric w.all cranes FF, and two overhead revolving and 
travelling electric cranes XX 

At the south end of the station there is a spiral staircase, 
constructed entirely of reinforced concrete, leading from 
the ground floor to the upper storeys. Fig 60 is a photo- 
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are sections through the automatic floor store, and hoists, 
respectively. 

_ On each of the upper floors fourteen doorways are pro- 
vided (see Figs. 6r and 62), over which electric hoists are 
fitted so that goods can be unloaded from or loaded into 
railway trucks brought alongside the building. These 
hoists are protected from the weather by cantilever hoods 
projecting 15 ft. The hoists MM traverse from N to 0 
(see Fig. 63), and are designed for the delivery of flour and 
grain into the automatic store, while the hoists PP raise 
and lower only. There are also four conveyor hoists 
QQQQ travelling on tracks fixed immediately below the 



roof. Outside the bailding these hoists are housed m 
cantilever towers projecting about 15 ft. from the face of 
the outer walls. To increase the scope of the hoists the 
floors of all the upper storeys arc slotted so as to permit 
the chain and hook to be passed down to platform level 
in the ground floor station. Consequently, packages can 
be slung on any floor, traversed to the light wells and other 
openings, and transferred to any other floor, or deposited 
in trucks on the railw.iy lines in the yard outside. 

57. Main Structural Features. — iVhiJe the enure 
building is of monolithic ebameter, it m.iy be regarded in .1 
way as representing what is termed “cage” construction, 
for the entire weight of the vvalls, floors, and roof, and all 
supcrloads, are carried by a framework of girders and 
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columns, and transmitted by the latter direct to foundations 
resting on boulder clay, the safe load on which was taken 
at 5 tons per square foot. Figs, 

63 and 64 make clear the general 
character of the construction. 

Up to the first floor le^-el the 
main framework comprises 70 wall 
and interior columns in five rows 
spaced 33 ft. apart longitudinally, 
while between the rows there are 
two spaces of 37 ft. 2 in. and two 
of 52 ft. each, centre to centre 

The columns are connected at 
each floor by wall beams or lintels, 
and by main and secondary girders 
inside the station. There arc also 
30 auxiliary columns in the base- 
ment and ground floor store>s for 
carrj'ing exceptionally heavy local 
loads. 

Above first floor level thefmme- 
work consists essenliaUy of mow.all 
and interior columns in thirteen 
rows, each of which, where un- 
broken by light wells and the 
automatic flour store, contains 40 
columns, spaced ii ft- apart longi 
tudinally and 15 ft apart trans- 
versely. The arrangement of the 
columns on the first floor will be 
seen in Fig, 6r. These columns 
arc connected at each store)’ by wall lintels and interior 
beams. 

The upper storejs represent quite 0 different class of 
design from that in the lower portion of the station, whose 
main columns and girdeis may be said to act as foundations 
for the upper part. Nevertheless, the two systems of con- 
struction arc intimately connected to form one complete 
frame of enormous strength, whose rigidity is further in- 
crc.ascd b) the monolithic incorporation of the floor slabs, 
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side and end walls of the low-level station. The interior 
columns in each transverse row tennin.nte in bases of tri- 
angular elevation. In the centre row the bases are 15 ft. 




/y 


6 in. square, the two small bases on each side of the centre 
are 7 ft. square, and the two outer bases are 14 ft. square. 
Two of the fue row's of columns in the basement are 



I'lc. 6j.— Section through Automatic rioor Store 
(line Alt, Tigs 6oan<l6i}. 


simply for the purpose of supporting the floor of the upper 
station, the other three rows being earned up to the under 
side of the first floor. 



Fia. 64 — Section through Iloists (line CD Fig. 60). 


The loads on the columns arc widely difTerent. For 
instance, on columns tfpe H the load is only 324 tons 
each, on columns type G the load is 927 tons each, and 


. j f^rraecfibn 
of CoAjmn 


Fig. 65 — Details of Mam Column. 


the footing shown plain in the elevation is really reinforced 
by horirontal bars laid m rows at right angles to each other, 
and connected by vertical loops of flat steel for resisting 
shearing stresses The extended capital near the top is for 
the purpose of carrying the rails for the travelling cranes 
in the lower goods station. A sinking testimony to the 
strength of reinforced concrete is to be found in the 
fact that the type of column here illustrated only required 
the sectional area of r,doo square inches, which is very 
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little more than that of a steel column of equal strength 
with an adequate casing of fire resisting material. 

In the upper station, columns (I and I h.i\e tlic trans- 
verse dimensions of 24 in. liy 36 m. and 26 in. by 36 in. 
respectively. All the columns of these types are provided 
with evtended capitals of suitable form for carrying the rails 
for the travelling cranes. 

59. Cantilever Construction.— Outside the eastern 
boundary of the site the level of the ground is considerably 
higher than the surface of the goods yard, and owing to 
the unstable character of the earth for a distance of some 
200 ft. along the eastern side of the station it was con- 
sidered desirable to supplement the plain concrete retaining 
walls by the addition of ferro-concrete construction, con- 
sisting of stanchions built up from the basement floor to 
the under side of the ground floor girders, these stanchions 
having e.xtended b.ises of the same material, and between 
them a thin but strongly reinforced vvall of ferro-concrete. 
The upper ends of the stanchions are tied by a beam of 
ferro-concrete, affording supjwrt for the mam girders at 
ground floor level; and to prevent any tendency of the 
stanchions to move inward under the outer earth pressure, 
horizontal struts were formed in the thickness of the base- 
ment floor, reacting against the column bases in the first 
interior row. In virtue of this arrangement the whole 
Weight of the building w.as lirought to the aid of the retaining 
wall and stanchions m resisting the inward earth pressure. 
With the further object of reducing the load on the retain- 
ing walls, the mam wall columns are carried by cantilever 
projections of the transverse girders in the ground floor. 
These cantilevers extend for a length of 3 ft. beyond the 
ferro-concrete stanchions by which they are supported. 

The cantilever housings for the conveyor hoists, and 
the cantilever shelters over the various loading doors, 
are examples of remarkably bold design, and would have 
been thought distinctly hazardous a few years ago when 
engineers in this country were unfamiliar with the valuable 
properties of reinforced concrete 

60. Beams of Ground Floor. — The ground floor 
of the building is earned entirely by reinforced concrete 
6 
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columns, and includes six spans, the measurements of 
^Yhich are ft. 3 in., 24 ft 3 in., 27 ft. p in., 27 ft, 9 in., 
24 ft. 3 in., and 35 ft 3 in. 

The transverse beams, spaced 33 ft. apart, centre to 
centre, are i ft. 6 in. wide by 2 ft. 9 in. deep, two portions 
of the beams on the inner side of the outermost row of 
columns being raised so as to form platforms for handling 
merchandise. The longitudinal beams of the same floor 
system are 1 ft. wide by 2 ft 3 In- deep, and the spacing 
varies according to the requirements of the spans, from 
4 ft to nearly 7 ft. (see Fig. 66). 

.\U these beams are monolithic with the columns, and 
the whole system is connected by a floor slab 9 in. thick, 
forming a compression flange common to the network of 
beams. Upon and partly embedded in the slab are 
sleepers cairying the various rail tracks, and the floor 
surface is formed by a layer of concrete 0 in. thick. 

Owing to the necessity for adopting long sp-ins, to avoid 
interference with the conductor traffic in the substation, 
the loads coming upon the beams are exceptionally heavy. 
This will be realised when it is stated that tlie ground floor 
was calculated for a dead load of 3 cwt. per square foot in 
addition to the moving load of rathway traffic. As each 
loaded waggon may represent a dead weight of more than 
42 tons, the total weight on the floor will be very large, 
while the dynamic effect of moving trains and the handling 
of heavy merchandise, and the operation of machinery will 
add very’ considerably to the strains to be resisted. To 
illustrate the great strength of the floor, we gi\e in Fig. 67 
a view taken beneath one of the railway turntables. 

■ 61. Beams of First Floor. — One of the most interest- 
ing features in the building is the series of arched beams 
spanning the distance of ne.irly iSo ft. from wall to wall of 
the high-level station, with the intermediate support of 
three columns. Simitar beams evtend across the building 
.It intervals of 33 ft. centre to centre (see Fig. 68). The two 
outer spans of each series measure 37 ft. a in. between the 
centre lines of the supports and the two inner sp-ins 52 ft. 
from centre to centre. The beams measure i ft. 6 in. 
wide, 9 ft. deep at the springings and 3 ft deep at the crown. 
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Fic. 6;._v,™ of floor t^nealh Tomtabfe in n.ch Levol stalion. 
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^Vith one exception these are by far the longest span 
concrete-steel beams ever built in this countr)’, and they 
have only been surpassed in a few isolated instances in 
other parts of the world. The test load specified for each 
beam was 400 tons. 

Fig. 69 is the reproduction of a drawing that will well 



rc[)ay examination, and as full particulars of the construc- 
tion are there giicn detailed description is unnecessar) 
Attention may be directed, howeser, to the reinforcement 
in the arclied l*eams, which is so disixjscd that no thrust is 
exerted against the outer walls Tliree details for beam A 
•arcgixen on line 'IT These refer to dilTirent members 
of the same geiv ral l\j>c crossing the building at other 
I'oints At the upjier pari of the drawing will l>e found 
jnrticul.ars of the *i.*condar) biams of the first floor 
and a «;cclion showing the reinforcement of tht connecting 
flour sl.ib. 





^c/foo9 or Owns b, Ae/Rj 
Fig. 69.— DcWvIs ol Ginltn over High Level Slalion. 
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Another interesting scries of sections at the left-hand side 
shows the construction of the wall beams, or lintels, carrj’ing 
the weight of the curtain walls and one edge of the outer- 
most panel of the floor slab. 

The upper store) s of the new building, as shown by the 
transverse sections (Figs. 63 and 64), possess no features 
particularly worthy of remark, being carried on small 
columns supported by the main girders abo\c the high- 
Ic^el station. 

62. Upper Floor Construction.— It will be seen on 
reference to the plans and sections that the floor spans m 
the up{)ef storeys are reduced to 14 ft. 11 in. centre to 
centre, by the small columns which are earned on the main 
longitudinal girders of the first floor- These girders are 
supported in turn by the arched transtersc beams, and 
tary in dimensions according to position, some of them 
projecting a ft. 9 in. and others 3 ft. 3 in below the under 
surface of the floor slab, the width \arying between 15 in. 
and t8 in The intermediate longitudinal girders shown 
in the section are tj in. wide, and project 2 ft. 3 in below 
the floor slab. 

63. Automatic Flour Store.— A department oc- 
cup)ing a space of about 500, 'oo <ubic fed is that termed 
the “Automatic Hour Store ” ‘I his loiiMsts, as illustrated 
m Fig. 63, of a. series of immUcI sloping floors, divided so 
as to constitute shoots, into nhuh lugs of flour or gram 
c.in he inserted at llie si-ionJ and third floor ifuJs until 
the whole of the store is lilkd, the total «.T{niit) being 
nc.irly 17,000 twent) stone s.nl,s Ihe dilnery of flour 
or gr.iin is controlled by .i •-erics of kwirs, ojieraltd b) 
electricity from a central station, and arranged so that the 
cs.aci (juanlity reijuired can In.* di'-tharged ujKui the delner) 
area of the platform on the ground floor (see Fig 59), the 
esact nurtilrt'f of lugs di list red lieing recxirdid In automatic 
rcgiMcring api'aratus 

lUfcrcnce to 1 ig O3 will show that the supports for the 
automatic ••tor.igi. corv'ist of tnangular frames and lionrontal 
U-ains of difli rent di ptlis and span*., taking In-arirg on tl.e 
ihnr in.am tvlumns («(• and I. and up >11 two additional 
o'luimiN J, K ii'ing from iht « I't ami wot statiun platforms. 
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Figs. 70 and 71 are vien's showing the framework sup- 
porting the flour store and the conveyor galleries of the 
same department. 

At their lower ends the inclined shoots discharge into 
electrically driven conveyors moving in an upward direction, 
so that the hinged door at the bottom of each shoot may 
offer no obstruction to the discharge of the sacks, which 
are transferred by the conveyor ^down a slope parallel to 



Fig. 70. — Con'eyor Gallants of .\utomatic Flour Store 


that first mentioned, and finally down a third slope to the 
delivery area, 95 ft wide, marked on the west platform in 
Fir. 59- 

The latticed frames or ramps supporting the automatic 
flour store, are of different types, one extending from the 
west column G to the centre column I, with intermediate 
support from column J, and the other continuing the same 
slope from column I to the auxiliary column K The load 
on each of the triangular frames \-aries from 80 to roo tons. 
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Similar frames are spaced at internals of about 9 ft. centre 
to centre, under the whole length of the automatic store, 
which Fig. 61 shows to be divided into three sections by 
the main arched girders passing from is all to wall of the 
building. IMth the exception of these members the store 
has necessitated the suppression of all the mam and 
secondary beams m a large portion of the building. Con- 
sequently, on the third floor there is a gap of 60 ft. by 95 ft , 
on the second floor one of 100 ft. by 95 ft., and on the first 



Fic. 71. — Supports of Auiooialic Hour Store. 


floor a gap of 140 ft. by 95 ft, the latter divided by two of 
the main arched girders. 

It will be readily understood that the break of continuity 
in these floor systems presented serious engineering 
problems for solution, especially as the stipulation was 
made by the railway company that the construction should 
be such that in case of ne^ the whole of the automatic 
stomge accommodation might be remoied, and the flooring 
system made continuous in each storey of the building 

Fig 73 contains a sectional elevation of the triangular 
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Tjgs. 70 and 71 are views showing the framework sup- 
porting the flour store and the conveyor galleries of the 
same department. 

At their lower ends the inclined shoots discharge into 
electrically driven conveyors moving in an upward direction, 
so that the hinged door at the bottom of each shoot may 
offer no obstruction to the discharge of the sacks, which 
are transferred by the conveyor. down a slope parallel to 



Fig, 70. — Conveyor Galleries of Automatic Flour Store. 


that first mentioned, and finally down a third slope to the 
delivery area, 95 ft. wide, marked on the west platform in 
P'g- 59- 

The latticed frames or ramps supporting the automatic 
flour store, are of different types, one extending from the 
west column G to the centre column I, with intermediate 
support from column J, and the other continuing the same 
slope from column I to the auxiliary column K. The load 
on each of the triangular frames varies from 80 to 100 tons. 
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Similar frames are spaced at inlenals of about 9 ft. centre 
to centre, under the whole length of the automatic store, 
which Fig. 61 shows to be divided into three sections by 
the main arched girders passing from wall to wall of the 
building. \\‘ith the evception ot thtsc members the store 
has necessitated the suppression of all the mam and 
secondary beams in a large portion of the building. Con- 
sequently, on the third floor there IS a gap of bo ft by ^5 ft., 
on the second floor one of 100 ft. by 95 ft , and on the first 
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floor a gap of 140 ft. by 95 ft., the latter divided by two of 
the mam arched girders. 

It will be readily understood that the break of continuity 
in these floor systems presented serious engineering 
problems for solution, especially as the stipulation was 
made by the railway company that the construction should 
be such that m case of need the whole of the automatic 
storage accommodation might be removed, and the flooring 
system made continuous in each storey of the building 

Fig. 73 contains a sectional elevation of the triangular 





Fig. 72.— Details of Lattice Girders and Framework 



GOODS STATION AND WAREHOtJSE gi 


frame between the east and central main columns G and 
I. The total length of this frame between the columns 
is 50 ft., with one intermediate support at column J, about 
15 ft. from the western end. At the upper end the depth 
of the frame is 1 5 ft. 6 in., and, as seen by the drawing, 
it tapers down almost to a point at the lower end. Se\erai 
sections of the compression and tension booms, the ties 
and struts, are also illustrated. Attention may be particu- 
larly directed to the general disposition of the reinforcement, 
and to the satisfactory manner in which the bars of the 
different members are anchored into the concrete so as to 
secure the action of the whole as a genuine framed struc- 
ture. 

The two series of triangular frames supporting the 
automatic storage are connected by lattice girders of ferro- 
concrete, parallel with the longiiudmal axis of the station. 
One of these girders, i ft 6 m wide by 8 ft 6 in. deep, is 
to be seen in section above column J in Fig. 72. This 
latticed girder carries a load of 161 tons. 

^ A still larger girder of the same type is illustrated at the 
right-hand top corner of Fig 72, and in Fig 73 This 
member, designed for a load of 309 tons, passes longitudin- 
ally between the central mam columns 1, and serves to 
support the ends of the upper and lower triangular latticed 
frames The girder has a width of i ft. 8 in , a depth of 
xo ft. 6 in., and a total length of 33 ft from centre to centre 
of the two supporting columns. It was at first intended by 
the architect that tins and tlie other girders perpendicular 
to the horizontal axis of the triangular frami.s should be 
solid rectangular beams of ferroconcrete, but on the recom- 
mend.Hion of the structural engineer they were built as 
lattice girders, w iih a very considerable sa\ ing of material, 
and the further beneficial enccl of offering far less obstruc- 
tion to the diffusion of light in the high le%el station 

64. Materials. — In the building of winch a few of the 
chief features ha\e been here described oier a, 600 tons of 
mild steel bars were used 

The quantity of i’ortland cement applied m the form of 
concrete and otherwise amounted to 3,000 tons, the general 
proportions of the concrete being 1 |urt of Portland cement. 
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2 parts of sand, and 4 parts of jvashed grave), both sand 
and gravel being obtained from the Tyne. 

It should be mentioned, howe\-er, that the proportions 
of the concrete were varied in different parts of the work-, 
according to the character and duty of the members, and 
the proportions were also varied, from lime to time, with 
the ascertained percentage of voids m the aggregate. 



Fig. 73 — Lattice Girder Supporting Automatic Flour Store 


The surface of the concrete is rendered in cement mortar, 
giving a finish closely resembling that of fine stone. 

The surface of the flat roof is covered with “ Ruberoid,” 
a material whose basis >s similar to indiarubber, having the 
same elastic and w’aterproof properties, while it is free from 
the disadvantage of oxidation, which causes real rubber to 
become hard in course of time, and so to Jose its efficiency. 
Between 7,000 and 8,000 sq. yds of “ Ruberoid ” w’ere used 
on the roof of the goods station. 

65. Tests. — In March 1905 two panels of the floor 
were tested under the superxisron of the designer. The 
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first «Ms one of the panels over ihe beam V, and the second 
one of tho'ic o\er tijc beam Z (see Fig. 56). 

On the basis of 336 lb. per square foot, the test load for 
the 3 ^ ft. 9 in. span was equal to 460,000 lb. , but as a 
matter of fact, the specified weight was exceeded by 45,000 
lb, the toi.nl Weight applied being 505,000 lb., or nearly 
370 Ib. {>cr square foot. In «pitc of this the maximum 
deflection at the centre of the supporting beam was only 
0.S35 in. 

In the case of the 35 ft. 2 in. span, the spceificd test 
load was about 573,000 Ib, an amount that was exceeded 
in the official trial by 37,000 Ib, the total load being 
610,000 lb, or nearly 360 lb per square foot. Nc»er' 
thcless the maximum deflection of the beam at the centre 
was only 0.3 1 a in. 

The measuring instruments employed for the purpose of 
registering the deflection during the loading and unloading 
of Che floor panels indicated that (he beams began to return 
to their original form as soon as unloading was commenced, 
thus demonstrating the positnc elasticity of the construction. 

The buildingwasdesignedby Mr William Dell, F R.I.B A , 
the architect to the North Eastern Railway Companj, in 
accordance with the Hcnnebique system, the mechanical 
equipment having been designed by and installed under 
the direction of Mr. Charles A Harrison, M.Inst.CE., 
the engineer to the company All details of the ferro- 
concrete construction were prepared by Mr L. G Mouchel, 
M Soc-C.E. (France), whose resident engineer was Mr T. 
J. Gueritte, of Newc3stle-on'T)ne, and the building con- 
tractors were Messrs. Joseph Howe & Co., of M'est Hartle- 
pool. All the steel used on the ss-orks was supplied by the 
Consett Iron Co , and the Portland cement by Messrs. I. C. 
Johnson & Co , of Gateshead. 



CHAPTER V 


A Onk Storey Factory Building near Netv York — 
Printing Works in London — A Five-Storey 
Factory Building in PiiiLADELriiiA — B usiness 
Premises in Southampton 

A 0NE-ST0RE\ FACTOR^ BUILDING NEAR NEW YORK 

66. General Description. — The building here dc- 
scribed is typical of the Wight- Easlon•To^\^send system 
of reinforced concrete. It is 31a ft. long, with a minimum 
width of 52 ft. and a maximum width of 1 is ft Bene.ilh 
one of the workshops, measuring 142 ft. long by65 ft. wide, 
a basement has been constructed, a portion of which is 
shown in section by Fig. 74. The roof of the entire 
building consists of a concrete-steel slab with girders of 
the same material, and over a p-irt of it are situated three 
tanks for the storage of w.iter 

The building was erected on a site in Long Island City, 
New York, where the ground is of .Tlknial character, and 
in fact liltle belter th.Tn mud Consequently, pile founda- 
tions were absolutely necessary, the piles being driven in 
groups, upon each of which a mass concrete footing was 
formed, and upon the footing a concrete pie r, as represented 
in Fig. 74- 

67. Columns and Walls. — The footings were spaced 
16 ft. apart longitudinally on lines corresponding with those 
of the outer walls, and in one portion of the building 
additional footings were made to .ifford a longiliidin.Tl row 
of supports for interior columns 'I'he lateral spacing of 
the footings vanes from 33 ft. to 52 ft in clifTerent parts of 
the building. 

The columns, rising from the lops of the concrete piers, 

B1 
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support the main floor and the roof. The exterior columns 
are incorporated with the Trails, forming pilasters either on 
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96 


CONCRETE-STEEL BUILDINGS 


M 


W’Bom 


the outside as in Fig. 75, or on the inside as in Fig. 76, nhile 
the interior columns sene as intermediate supports for the 
girders. 

The exterior columns ha^e a section 
of 16 in. by 12 in., and arc reinforced 
by four \ertical bars, nith iV*^- 
diameter horizontal ties at intervals of 
12 in. measured ^e^llcaHy. As shown 
in Fig. 7^, the vertical reinforcement 
IS composed of J in. diameter bars, 
but in some of the columns it was 
necessary to employ iLin. diameter 
bars as vertical reinforcement. All 
the concrete used in column con- 
struction was mixed m the proportions 
of I part rortl.ind cement, s parts 
sand, and 4 parts broken stone. 

A section of the exterior wall at the 
basement will be found in Fig. 75, 

' from whith it m.iy be seen that, com- 
mencing at the top level of the con- 
crete piers, the design is that of a 
curtain wall. *l'o ensure adtqtiate 
stipjiort Iwtween tlie piers, the wall is 
provulcvl with reinforcement consisting 
of four sUcI bars, two straiglit and tv^o 
licnt, and of t>iirt> nmevertic.al stirrups 
for rcstilmg shear 'riusreinrorcenK.nt 
really converts the lower furt of the 
wall into a strong Ixani ^\l the level 
of the main floor tlie floor sl.ibs are 
earned hv girders formed m the tliick* 
m-'s of the wall, the reinforcement 
being similar to lliat cmpIo)e(! in the 
rasi of ihe v^alls at Imsi-nient kvel. 

Apart from the and girders 

in(or}H>ratei{ in them, the watK are 
lemfortid Ihrougliotii willj slicets of 
steel netting jil.iced iitar the inner Mirf.ire, the edges of the 
sheets bein'* bent back to U shaped section at the various 
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window openings. This netting has strands of No. 9 gauge 
wire with 6-in. by 4'in. meshes, secured at the intersections 
by pieces of No. 9 gauge wire. Sheets of the same 
material, also bent to IJ shape, are embedded below the 
window sills, and immediately under the roof slab the wall, 
for a depth of ii in., is converted into a girder by the 
addition of longitudinal and vertical reinforcement, generally 
similar to that at the lower levels. ITie details m question 
are clearly shown in Figs 74 and 75 

In Fig. 78 may be seen particulars of a wall bracket 
suitable for the attachment of a pedestal for shafting The 
formation of brackets in this way sates hacking the walls 
about, and affords a far better connection than would be 
ghen by the usual bolts and nuts. Although this bracket 
may seem an insignificant detail, it is sufficient to suggest 
the great adaptability of concrete-steel to architectural and 
other requirements- 

The walls are 6 in. thick, and the concrete was mixed in 
the proportions of 1 part Portland cement, a parts sand, and 
5 parts cinders 

68. Floor Construction. — In the basement the floor 
consists of a bed of simple concrete 6 in thick, deposited 
on rammed and le'elled earth 

That portion of the floor which is abo\e the basement 
consists of a continuous concrete steel slab 7 in thick, the 
reinforcement being applied in the form of tv\o sheets of 
steel netting, one sheet perfectly horuonial and the other 
bent up towards the lines of support. The edges of the 
sheets are folded at right angles to afford satisfactory 
anchorage. A part of the floor slab is shown in the 
section AA, Fig 75. The weight of the mam floor is 
carried entirely by the columns and girders, the latter term 
including the girders formed in the substance of the outer 
walls. 

69. Roof Construction. — One of the most interesting 
features is to be found m the roof construction. The 
upper surface of the slab has a slope of about i m 
4S, and the slab is dnided into panels approximately 16 
ft. square, by the transxcrsc and longitudinal girders. Oier 
some of the workshops the slab is 4 in thick, but generally 

7 
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the thickness is 6 in. Reinforcement is provided by two 
sheets of steel netting, as in the ease of the main floor 
slab. 

The trans\erse girders s-ary in dimensions and span at 
0! me room their dimen- 
• ! , ■ ■ ■ : -the boiler-room they 

, ■ ... ‘ 79), while elsewhere 

they are 15 in. wide by 30 in. deep, '/'lie last-mentioned 
dimensions apply to the girders illustrated in Figs. 76 to 
78, these has’ing the exceptionally long span of 52 ft. centre 
to centre, or 50 fL 2 in. clear span between supports. These 
members arc reinforced bysixhorirontal diameter bars 

in the compression area, three horizontal 1 J-in. diameter bars 
in the tension area, in above the bottom surface of the 
concrete, and two sets of three bent bars of ij-in. diameter. 
The upper and lower horizontal bars are connected by 
vertical bars iV'*’* diameter, the ends being turned over the 
horizontals. The vertical bars arc wired to the bent 
longitudinal bars, and the whole reinforcement formed a 
rigid framework before it was placed into the mould. The 
vertical bars for resisting shearing stresses are spaced apart 
at distances increasing from 4^ in. at the supports to 18 In. 
at the centre of the beam. ’The section AA m Fig. 77 
gives details of the reinforcement m the longitudinal beam 
shown m the upper drawing The longitudinal girders 
measure 6 in wide by 12 m. deep m some cases, and 8 in. 
wide by 1 2 in. deep in others. 

Three panels over the boiler-room are covered by concrete- 
steel water-tanks, particulars of which are shown in Fig. 79. 
It will be observed that the tank at the left side of the 
figure is about 14 ft. wride by 12 ft. deep, inside measure- 
ment The walls of the tank are formed by vertical slabs 
of reinforced concrete, with stanchions at intervals, 
generally similar m design to the joists used in the 
floors. 

Owing to the weight of the tanks and of the water 
contained therein, the stress m the compressive areas of the 
girders was found by calculation to be greater than the 
compressive resistance of the concrete. Hence it became 
necessary to add horizontal reinforang bars along the upper 
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the thickness is 6 m. Reinforcement is provided by two 
sheets of steel netting, as in the case of the main floor 
slab. 

The transverse girders vary in dimensions and span at 
....... ^ ne room their dimen- 

the boiler-room they 
79), while elsewhere 
The last-mentioned 

dimensions apply to the girders illustrated in Figs 76 to 
78, these having the exceptionally long span of 52 ft centre 
to centre, or 50 ft. 2 in. clear span between supports. These 
membersare reinforced bysix horizontal tyVm. diameter bars 
in the compression area, three horizontal 1 §-in. diameter bars 
in the tension area, lA in above the bottom surface of the 
concrete, and two sets of three bent bars of i^-m. diameter. 
The upper and lower horizontal bars are connected by 
vertical bars ■jV'f'- diameter, the ends being turned over the 
horizontals. The vertical bars are wired to the bent 
longitudinal bars, and the whole reinforcement formed a 
rigid framework before it was placed into the mould. The 
vertical bars for resisting shearing stresses are spaced apart 
at distances increasing from 4| in at the supports to 18 in 
at the centre of the beam. The section AA in Fic. 77 
gives details of the reinforcement in (he longitudinal beam 
shown m the upper drawing The longitudinal girders 
measure 6 in wide by iz in deep in some cases, and 8 in. 
wide by 1 2 in. deep m others 

Three panels over the boiler room arc co\ cred by concrete- 
steel water tanks, particulars of which are shown in Fig. 79 
It will be observed that the tank at the left side of the 
figure is about 14 ft. wide by 12 ft deep, inside measure- 
ment. The walls of the tank are formed by vertical slabs 
of reinforced concrete, with stanchions at intervals, 
generally similar in design to the joists used in the 
floors. 

Owing to the weight of the tanks and of the water 
contained therein, the stress in the compressive areas of the 
girders was found b) calculation to be greater than the 
compressive resistance of the concrete, lienee it became 
necessary to add horizontal reinforang bars along the upper 
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flanges. Similarly, owing to the high stress in the tensior 
areas, it was requisite to increase the amount of reinforce 




menl. By reference to the two sections in Fig. 79 it will 
be observed that nine ryV*”* are used in the tension 
areas of each type of l^m, and that eight bars of equal 


Fig- 79 — Details of Beams and Water Tank. 
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diameter are employed in the compression area of one 


We may point out, however, that the design of the walls 
and floor slabs is of distinctive character, and that excep- 
tional provision has been made for withstanding shearing 
stresses in all the members subject to flexure, as « ell as for 
obviating voids in the concrete and other defects due to 
carelessness or want of skill on the part of the workmen. 

The following were the chief data taken into account by 
the designers : — 


Ultimate compressive strength— 
Cinder concrete 
Stone concrete . 

Factor of safety . 

Steel 

Factor of safety . 


1,500 Ib, per sq in. 
. a, 166 „ 

6 

So,ooo lb. per sq. in. 

4 


Ultimate tensile strength— 
Concrete 
Steel 

Facter of safetj 


0 

80,000 lb per sq. in 
4 


Adhesion between concrete and steel =• 80,000 lb. for a 
bar having a length 26 limes its diameter. 


With the object of scnfjing the correctness of the 
calculations three test beams were made by the engineers, 
these beams ha^i^g a clear sjan of 20 ft The genera! 
result of the trials was that each beam showed cracks at the 
lower surface of the concrete when the load was approx- 
imately equal to the calculated breaking load- 

71. Moulds and Method of Construction.— The 
moulds cniplojed dunng construction were of verj' simple 
design, as may be seen by inspection of Figs. 80, Si, and 
82. Tart of .an interior column mould is illustrated in Hg. 
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8o. The boards forming the three fixed sides were care- 
fully planed and secured by vertical battens, and the 
boards finally constitut- 
ing the fourth side were 
nailed on, one after the 
other as the concrete 
\ras deposited. The first 
stage in the making of a 
column was to put the 
vertical reinforcement in 
place, with the temporary 
horizontal ties at the top 
as shown m the drawing. 
Two of the front boards 
were then nailed on, con- 
crete was shovelled in to 
the depth of 12 in,, and 
one transverse tie slid 
down so as to rest upon 
the surface of the con- 
Fic. So.— Column Mould. Crete. The same series 

of operations was re- 
peated until the work reached the top of the mould. 

Part of a w.ill mould is shown in Fig. 8j. The sides 
were formed of i-tn. boards, planed on face and edge, 
clamped together by horizontal battens, and kept at the 
proper distance apart by short pieces of board nailed upon 
the top at suitable intervals. The drawing represents the 
mould ready for continuing part of a wall already com- 
menced. In building the first course of the wall the mould 
was set upon the ground, which was rammed and carefully 
levelled, and the mould was held in position by means of 
struts on either side. Three da>s were allowed for the 
concrete to set, the sides of the mould were then loosened 
and the mould raised to the position indicated in Fig. 81, 
where it was held by inserting and lightening the bolts. 
The sleeves through which the bolls p.isscd were simply 
of cardboard, this being quite sufficient to prevent the 
concrete from adhering to the metal, and so obviating any 
difficulty in the way of remosing the bolls. 
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Fig. 82 shows part of a girder mould and of the boarding 
for the floor slab. The bottom of the mould consisted of 
a board or plank, from i in. to 3 in. thick, according to 
circumstances, and attached to the sides by screws passing 
through longitudinal fillets, as shown in the sketch. The 
sides were formed of vertical boards 4 in. wide by f in. 
thick, nailed to top and bottom longitudinal fillets, 4 in. 
wide by 2 in. thick, and also by a third fillet really provided 
for supporting the 4-in. by 6-in. timbers carryins the Boor 
slab falsework. For the support of the girder moulds, 6-in. 
by 8-in. struts were wedged beneath short pieces of board 
acting as caps, as sho>m in the figure. 

After the girders and floor slab had been formed and 
allowed to harden for about se^en days the floor centring 
was struck by turning the 4-in. by 6-in. timbers on to their 
sides, permitting the floor boards to follow. In another 
week the sides of the girder moulds were removed, and the 
girders remained with the bottom board in place for a 
further period of three weeks, on the expiration of which 
the wedges between the struts and the cap boards were 
knocked away, and the girders were left for another week 
with the struts in position and ready to aflbrd support in 
case of failure. The advantages claimed for this method of 
hardening are that the free access of air facilitates the 
setting of the concrete, and at the same time offers safe- 
guards in the e'ent of collapse through unsuspected defects 
of any kind. 

One point to which special attention may be drawn is 
that the reinforcement of the various members was wired 
and otherwise fixed in the moulds, so that displacement of 
the bars became practically impossible, or at all events 
extremely unlikely. Considerable care was taken with the 
view of ensuring a good bond between new and old work. 
Generally, it was found that an inteiwal of about twelve 
hours did not interfere with satisfactory union, but in cases 
when a longer stoppage of work became necessary the 
existing surface was well washed and covered with a thin 
layer of mortar before the resumption of concreting. All 
junctions were strengthened by the insertion of steel netting 
of the kind already described. 
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72. General Description. — One of the most Interest- 
ing examples of concrete-steel construction in the metropolis 
is represented by the e.tiensne premises of which some 
drawings are here reproduced. Owing to the requirements 
of the e.xisting Building Act it was decided to build the 
walls of ordinary brick, but the columns, floors, and the flat 
portion of the roof are in concrete-steel. The building was 
erected in accord-ince with the Hennebique system for 
Messrs. Hudson &: Kearns, at Hatfield Street, London, S.E , 
from the designs of Mr. F. Match.im, F.R.I.B A. It measures 
210 ft. long by 100 ft. wide, and is about 50 ft. high from 
the basement floor to the ridge of the roof. 

Fig, 85 is a section on the line CD in Fig. 84, and may 
be termed a plan of the first floor viewed from below. It 
irill suffice to indicate the general arrangement of the 
columns, floor beams, and ivalls. Fig. 84 is a transverse 
section, and Fig. 85 is a longitudinal section along the line 
AB in Fig. 83. 

By Fig. 83 it may be seen that the area of the building 
is divided into three portions by two mam interior Ralls 
shaded solid black m the drawing. 

73 - Columns. — The weight of the floor and roof con- 
struction, together with the speafied superloads, involve a 
maximum load of nearly 614,000 lb. per column 

As the columns are only 16 m square m the basement, 
this is equivalent to 614,000 -r 16’ = 3,400 lb per square 
inch of cross section 

Owing to the magnitude of this load the column con- 
struction IS one of the most important features of the 
building under consideration. Fig- 83 indicates the 
positions of the columns, and Fig. 84 the manner in 
which these members are extended near the under side 
of each floor, so as to ghe ample support and rigidity to 
the main beams. 

The columns measure ii in. square in the top storey of 
the building, and 16 m. square between the first floor and 
the le\ el of the basement floor. Each column is provided 
with a concrete - steel base (of the type described and 
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Fig. 8(5 — ^View shonii^ part of Ground Floor. 
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53 ft. by 700 ft. These portions of the roof are formed by 
5 in. by 9 in. concrete-steel beams, spaced to correspond 
with the secondary floor beams below, and covered with a 
concrete-steel slab 4 in. thick, over which is a layer of 
asphalt. Fig. 84 shows a transverse section of the flat 
roof slab m dotted lines, and Fig. 87 shows a portion of the 
roof near the left-hand side of Fig. 85. 

79. Van Docks. — At the front of the works two van 
docks are provided, so that vehicles may be backed directly 
into the building. One of these is shown at the left hand 
of Fig. 85 The floor of the dock consists of concrete-steel 
beams 5 in. wide by 12 in. deep, with a slab of the same 
material 5 m. thick, the top of the slab being at the same 
level as the road surface outside. The second dock is 
in a similar position at the other end of the building. 

A FIVE-STOREY FACTORY BUILDING IN PHILADELPHIA 

80. General Description. — This building was recently 
erected in Philadelphia for use as a machine shop. It has 
a frontage of tao ft., and measures 100 ft. from front to 
back. Fig. 88 is a section showing the five storeys in the 
front portion, and the single storey extension with a York- 
shire roof at the back. With the exception of the outer 
walls, which are of brick with stone and terra-cotta facings, 
the entire structure is of concrete-steel. A general idea of 
the building will be obtained by e.xamination of the section, 
where the outlines of the main structural features are 
indicated. 

81. Columns, Floors, and Roofs.— In ihe front 
portion the interior columns are disposed m tiro parallel 
rows 18 ft. apart centre to centre, and, as indicated in the 
figure, the dimensions of the columns vary from 2 ft. 2 in, 
square in the basement to 8 in. square in the top storey. 
The columns of each row are connected by concrete-steel 
main beams, of which the cross section me.asures to in. 
wide by 14 in. deep on each floor, these beams being 
connected by secondary beams measuring 6 in. wide by 
12 in, deep. All the floor slabs between the main beams 
and joists are of concrctc-steel. 
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Fig. Sg is an isometric drawing of a portion of the work, 
including part of one column <», of two girders bh, of 
three joists ccc, and of the floor slab dddd. This figure 
shows the appearance presented by the under side of the 
first floor. 



Fig 8S — Factory Building in Philadelphia. 


At the back of the front portion of the building the 
outer wall is supported by a row of concrete-steel columns, 
with a cross section of 21 in. square, connected with 
concrete-steel girders 

The floor slab between the girders and joists is 3 in. 
thick, and covered with ij-iru floor boards of maple laid on 
2-in sleepers 17 in. apart centre to centre This method 
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of floor covering applies to all the upper storeys of the 
building, the surfaces of the basement and ground floors 
being finished in cement. 

The roof is formed of concrete-steel beams, with a 
covering of slag laid on concrete, and at the back of the 
main block there is a small tower containing a water tank. 

The interior columns, beams, and roof of the back 
portion are also of reinforced concrete, the roof co^e^ing 



of the longer slopes being of slag laid on concrete and 
supported by concrete-steel principal's, the .shorter slopes 
being filled with skj lights between tlie principals. 

82. Reinforcement of Columns and Beams. — ^The 

details of the tcinfotcemcnt in the columns and beams are 
shown in Fig. yo, wherein arc represented |Kirts of the 
columns above and below the first floor and a portion of 
the first floor itself. In the columns the reinforcement 
consists of four vertical (jars passed through holes in sets of 
four fl.it bars spaced about iC in. apart in a vertical 
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direction. In the 6 m. 
by t?)n. br.im, or 
joist, the rrinfcrcc- 
ment compri'-cs t«o 
horj/ontal bars in the 
tension area, these 
bar? running; thrnogh 
the columns ^o as to 
form continuous rc:‘n 
forccmenl ; and two 
bent bars proMdinp 
for tension in ibe 
upper portion of the 
cross ssrction ficar the 
ends and in tlic lower 
portion cf the section 
at the middle of the 
l>oam. There are also 
two horizontal bars 
near the upinir surface 
of the b^m, and a 
series of stirrups for 
assisting; the conactc 
to resist shearing 
stresses. The rein- 
forcement of the mam 
beams is not fully 
shown in the drawing, 
as the section of these 
is taken at the middle 
of the span, where the 
lower horizontal bars 
and the bent bars 
meet. 

83. Column, 
Beam, and Roof 
Moulds. — Fig. 91 is 
an isometric drawing 
of the moulds and 
centring emplo)ed for 
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forming the concrete of the columns, girders, joists, and 
floor slab. The upper end of the column mould a is 
framed to the moulds for the girders bb and for the joists 
<ccy and the floor centring ddd is nailed down to the 
side boards of the moulds. In addition to the support 
afforded by the column moulds, the beam moulds are 
supported by means of struts, as ee, placed at suitable 
intervals. 

In depositing the concrete, the column moulds were 
filled up to floor level, ail the other moulds were then filled, 
and the floor centring was covered with the least possible 



delay, so as to avoid any discontinuity between the different 
portions of the work. The joints of the column reinforce* 
ment were made well above the different floors, and 
numerous bolls were set in the floor slab for the purpose of 
fixing the timber sleepers for the maple boarding. Other 
bolts were built into the lower part of the girders for the 
attachment of hangers for the sh.ifting to be used for 
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running machinery. These bolls t4ere passed through holes 
in the bottom boards of the various moulds. 

Fig. 92 is a perspective drawing of the moulds used for 
the Yorkshire roof extension at the back of the building. 
It will be seen from this illustration that the entire frame- 
work is of concrete. The drawing here reproduced h.as 



Fig. 92 —Moulds for Columns, ISeams, and Roof 


been made from a photographic view taken at ground level 
before the moulds were completed by the addition of the 
boarding upon which the concrete roof covering «as 
deposited. The figure includes a portion of the forms 
used for the construction of one section of the single-storey 
extension. 

In the background will be obsened the moulds for the 
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columns to which are transmitted the loads carried by the 
back wall of the five-storey building and the weight of the 
wall itself. The columns in question are provided with 
bracketing for the more adequate support of the continu- 
ous main girder running along the whole width of the 
structure. 

In addition to the skylights in the shorter slope of the 
roof, several openings for ventilators were provided in the 
longer slope. These openings were formed by placing core 
boxes upon the roof boarding and leaving the boards inside 
the core free from concrete when the roof slab was formed. 

Owing to the uniformity of construction of the different 
floors, the same moulds could be used in succession for all 
the storeys, and the only modification necessary was the 
diminution of the cioss section of the column moulds in 
accordance with the dimensions shown in Fig. 88 

Similarly, only one set of moulds was required for the 
single-storey extension, as this was erected m sections of 
uniform area, and the temporary framework was moved 
from section to section until the whole of the structure was 
completed. 

Thus the cost of the forms was reduced to a minimum, 
so that it bore but a very small proportion to the total 
value of the work. 

84. Floor Loads. — Being designed for the use of 
machinery, the ground floor was proportioned for a 
uniformly distributed load of 300 lb. per sej ft , the first 
floor for a similar Icmd of ?oo lb, per sq. ft., and each of the 
floors above for a load of 150 1\» per sq. ft. 

ISUM.VLSS I'RKMISrs IN SOUTII.VMI’TON 

85. General Description. — The building illustrated 
in the accompanjing .senes of drawings w.as designed by 
Messrs. Toole Sons, m accordance with the Ilenneliique 
s)stem, and the concrete steel construction was executed 
under the direction of Mr. L G. Moucliel, .M.Soc.r.L. 
(Trance). 'I'lits structure w.is designed to serve tlie piiriiO'>e 
of a drapery business, and is situnled .at the coriKr of l.'.ist 
•Street and .'<trand, .Sotithaini»lon. Tig. 93 is a general view 
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of the premises, the outer walls of which were built m brick, 
with the addition of masonry in the form of cornices, 
mullions, and balustrades, but the whole of the mtenor 
work — including columns, column foundations, floors, 
partition walls, and staircases, as well as the roof — is of 
concrete steel, and columns of the same material are also 
incorporated in the outer walls. 



f m 93 — Business Premises m Southampton 


The principal facade, which is on East Street, has a 
length of 40 ft , the other fat^ade on the Strand basing a 
length of 47 ft Fig 94 is a section from front to back of 
the building, which includes four store) s exclusive of the 
basement, the height being 64 fL from foundation level to 
the top of the flat roof and 6g ft to the top of the mansard 
roof. Abose the latter is a storage tank of circular form 




122 


CONCRETE-STEEL BUILDINGS 


constructed in concrete-steel, the tank having a mean 
diameter of 5 ft. 6 in. and a depth of 2 ft. 9 in., outside 
measurements. 

On the Strand frontage two openings are provided, as 
shown in Fig. 95, giving access to the basement, the larger 
opening for merchandise and the smaller one for coals. It 
is unnecessary to devote space to a description of the 
exterior walls of the building, the disposition and relative 
thickness of which are made sufficiently clear by the base- 
ment plan (Fig. 95), and on the ground floor plan (Fig. 96). 
We may mention in passing that the footings consist of 
concrete, and are 5 ft. wide by 2 ft. deep. The broken 
lines along the street frontages and the party wall lines in 
Fig. 95 indicate the outside edge of the foundation course, 
of nhich two sections will be obseia'cd in Fig. 94. 

86. Columns. — Fig. 95 shows the arrangement of tlic 
interior columns and the areas of their bases. Typical out* 
line sections of the bases are included in Fig. 94, by which 
it may be seen that the slo|>e of the upper surface Is varied 
according to recjuircmenis, but the uniform thickness of 
12 In. has been adopted as a minimum. In every case the 
lower surface is at a level of 4 ft 6 m. below the b.ascmcnl 
floor. 

For the five thm columns incorporated In the bnck walls 
of the building (see Fig. 95) the foundations measure 6 ft. 
square by i ft. 9 in. deep at the centre, tapering down to 
12 in. deep at the edges. Of the five interior foundations 
three measure 6 ft. square by 1 ft. 6 in, and la in. deejiat 
the centre and edges respectively , one, wliicli has to afford 
support for a large and a sni.ill column, has a lenglli of 7 ft. 

8 in., a width of 6 ft., and thicknesses of 1 ft. 3 in. and 
12 in , and the last, which stip;»orts a small column near 
the back of the premises, measures 4 ft. square, and has 
maximum and nunmuim thicknesses of i ft. 6 in. and 12 in. 
respectively. 

The five columns in the exterior walls are neress.ary for 
the reinforcement of the brickwork, so as to afford adefiu.ilc 
support for the concrete steel lintels canning tlie w.nlls and 
masonry over the w'lndotr and door «j»cmngs on the ground 
floor. It was necessary to make these columns of the 
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smallest possible cross sectional area, and with a minimum 
thickness. In Consequence of this requirement they were 
designed so as to measure only 7 in. thick by 18 in. wide. 



i. 94 — Longitudinal Section. 
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ft., the cross section of these beams being 9 in. deep by 
7 in. wide, and the thickness of the intervening floor slab 
is 4 in. 

On the first floor the span of the main beams is 13 ft., 
the section of the beams 9 in. deep by S in. wide, and the 
thickness of the floor slab 4^ in. 

On the first and second mezzanine floors the floor slab 
is 4 in. thick. At the first mezzanine floor there are two 
concrete-steel JinleJs 15 in. deep by 14 in. wide, which 
carry one of the 14-in. exterior brick walls from this level 
up to the roof, as well as part of the roof load and the 
weight of some of the other floors. On the second 
mezzanine floor part of the floor system is designed on the 
cantilever principle, being earned on a beam which in turn 
is a cantilever supported by some of the other main beams. 

For the second and third floors the main be.ims 
measure 9 in. deep by 7 in wide, and the floor slab 4! in. 
thick. 

The roof is constructed entirely in concretc-steel without 
intermediate support, and consists of concrete-stce! 
principals with a span of 37 ft , connected by a roof slab of 
the same material 

89. Floor Loads. — The following were the c.'ilculated 
superloads for the different floors — 


Ground floor 
First floor 

Mezzanine first floor 
Mezzanine second floor 
Second floor 
Third floor 


16S lb per sq. ft. 
sSa „ 

113 fi 


334 

334 
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IsoI.^TIOv Tammoss ani* Kooi or I)irHTnrRt\ Hi/sck 
IN A no«riT\L, Pari'^ — Hmctru Tk\mwa\ DirAr, 
Paris — NIaison nr kAri-oRi. Pah*' -I.T.i.h*'! oi 
S. Jr.\N n. Movtxiartm, Paris 

jYftff . — The buildings described and illustrated in ihis 
cliaptcr represent a type of reinforced ronrrclc and brick 
construction which differs considerably from other mctliods 
of reinforced construction. Therefore it has been thought 
desirable to collect all the examples in one chapter, not 
withstanding the fact that they represent s-aried classes of 
buildings. 

ISOLATtON r.WILIONS 

90. General Description.— The piMlions of wliich 
particulars are guen below were designed by Monsieur 
Belouet, Architecte dc I'Assistancc Pubhque, for THopital 
des Enfants Malades, Pans, and the rcmforicd construction 
was executed in accordance with the Cott.mcm system. 

At the lime when they were designed one diphtheria 
pavilion was already in cxistenccal the hospital, this building 
being of ordinary construction with walls carried down to 
a masonry foundation. The floor was of brick with steel 
joists, and the walls of the wards of brick lined with timber. 

This pavilion was much criticised by Dr. F. Roux, the 
medical superintendent, who consider^ it very desirable 
to have a floor under which air could circulate freely, 
because, owing to the imprisonment of effluvia given off 
from the soil, the hygienic conditions of the building were 
far from satisfactor)*. He criticised also the door and 
window frames, in which microbes collected and multiplied, 
and the space existing between the roof covering and the 
9 




‘Vul to Enfanu MaMcs, Taris (G,o„„a Plan). 
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ceiling, which he found in the same undesirable condition 
as the space below the floor. Consequently, when it 
bec.ame necessar>’to build two additional isolation pa\ilions 
for the treatment of diphthena Dr Roux suggested the 
main features of the design which was subsequently pre- 
pared by the architect. 

Two neiv pavilions have now been erected identical in 
size and arrangement, each having an internal area of 13.15 
metres by 5.60 metres, as shown in Fig. 97, which is a 
typical ground plan. 

The whole of the building is so reinforced m all details, 
and so tied together by steel, that it really constitutes a 
great tubular beam, 13.55 metres long by 5.98 metres wide 
by 4.59 metres high, formed by the floor, the walls, and 
the roof. This being so, it was unnecessary to employ 
lintels for tlie windows and doors, as the openings could 
be formed much as they might be in steel plate. 

_ 91. Foundations. — ^The pavilions are built upon ten 
reinforced brick piers 33 centimetres square by 2 metres 
high, so that the floor of the pavilion is 2 metres above the 
ground level (see Figs. 98 and 99). The piers, situated at 
the four corners of the pavilion and at three intermediate 
points in each side wall, are founded upon six caissons, 
or rectangular brick chambers closed at the top and open 
at the bottom. These caissons, measuring i metre square 
by 0.6 metre deep, are sunk in the ground, which is of 
bad quality on the site of the hospilal, consisting of made 
earth overl) ing the ddbns of the old quarries of Fans. The 
support afforded by the caissons was so satisfactory that no 
deformation of the building took place, the whole structure 
resting as a great beam upon the ten piers. The slab 
forming the top of each caisson is of concrete-steel, and 
situated to centimetres below the normal ground level. 
To prevent the caissons from being laid bare by rain, sills 
of reinforced brick were formed round the piers built upon 
the reinforced concrete slabs 

92. Floor. — Upon the ten piers was built the floor, 
which consists of a concrete-steel slab, with beams of 
conciete-steel 15 centimetres deep by 5 centimetres wide, 
having met.nl furring for the plaster ceiling, which forms 
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an enclosed air space under the floor slab (see Figs. 9S 
and 99). 

93 * Walls. — Along each outer edge of the floor two 
tiers of reinforced brickwork 6 centimetres thick were 
built 7 centimetres apart forming hollow outer walls, the 
interior air spaces being m comniunic.ition with the air 
space of the floor. 

94. Roof. — As shown in Fig. 9S, the roof of the 
building is formed by hollow arches, these being of 
concrete-steel built monolithic with the walls. 



Tu., 98.— Scciion Iin. 


95. Air Circulation System. — A duct in reinfoned 
brick (Fig. 99) was formed below the floor for the ron\cy- 
anre of warmed air from a calonfier. 'I'his uarmctl air first 
difTiises Itself in the air 5p.irc of the floor, and then ascends 
by way of the hollow walls to the spaces in tlic roof, where 
suitable outlets arc pro\idc<I for its discharge. l*hus 
it will be seen ih.ii the p.isilioiis are constructed with 
a double rasing represented by floors, walls, .ind roof 
rcspectl\ely, and dial, between the inner and outer surf.ucs 
w.iriii air circulates which cannot enter any of the w.ird‘, 
and consequently cannot sitiaic the air. Furtlur, as the 
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supporting piers ore not ronncctcd byuolls, tljcrc can be 
no collection of unwholesome emanations from the soiL 

96. Interior Fittings. — The isolating p.irtitions shown 
in Figs. 9S and 99 arc of reinforced bnclc for a height of 
about 1.50 metres abose the floor, and above that level 
they consist of gla/cd partitions Tins arrangement applies 
also to the corridor. Thus the attendants are able to 
supervise the five beds in each pas'jlion as jf no partitions 
existed between the wards 

The interior doors are In cnanicncd iron covered inside 
with plaster appropriately coloured by antiseptic paint, and 



Lty a course 01 lut lues set ui an uiigie ui 4^ uegiecs, as 
shown in Fig 100. 

This arrangement was adopted in preference to the use of 
tiles or blocks vrith a concave surface, because water used in 
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The metljocl of ghzmp originally proposed being con- 
sidered unsatisfactory for ihc reason that it would encourage 
the coIJcctiorr of dust and organisms, the architect adopted 
the arrangement proposed by M. Cottancin, of which 
characteristic details are represented in Tigs, loi to loj. 




I I loj 

I », {Jil« • f ^ ni 


.\II the (ijfts luft nlu'tr iiiil arr iif iiiotiMnI ylKi, «f‘f) 
iK't'-tl li) fti'jii' n| »f»tl fiHb. fofnimg .1 fr.ini'*, Me iMf 
nh'iwf) in It.' ici, li.tijif* {■•'iti'Ti b> if*.nn Ilf fdri'Mn'al 
s:» 1 1 l»U‘ 

'Hi'* 1*' - 1. iJiUiini'd ir> / 1 / tor i« ••fi'* f-iMnin,; ii.ir{ c! 
a \crti'a! wdj tar. ■n-nia/ti llir hotel s'rcl rtn/i of } 
<!.jn '•'cr s'c ptne<!, I*'*:'*,: l>y 



ROOF OF DIPHTHERIA RLOCK 


135 


grout. The rebates and \-crttcal grooves arc to provide 
for fuing the glass on either side of (he block as c\pl.-iined 
below. 

The blocks forming the top and bottom parts of the 
frame are illustrated by the two drawings in Fig. loaa. 
In addition to the vertical holes in these a groove is 
moulded in the top surface of the upper block, and a 
similar groove in the bottom surface of the lower block, 
these grooves being intended lo receive the horizontal steel 
bars by which the complete frame is held in position. The 
cun'cd rebates in these blocks arc made with grooves (not 
5’ ■ • ' 1xjng curved segments 

( in position. In Fig 

the bar at either end 
of the frame, and R' a block having a projecting rib which 
fits into the groove in A' for holding the glass in place. 
The remaining drawing in Fig. 103 is a horirontal section 
through the vertical bat of a window frame, A' being the 
fixed bar, li'B' the side fillets ^tnd strips of antiseptic 
felt on cither side of the sheets of glass The fillets B'B' 
are fixed by means of putty or cement of any suitable 
composition. This tj pc of window frame obviates the use 
of exposed metal, and, the construction being entirely of 
reinforced glass, complies with all hygienic reomrenients. 

ROOF OF DII’JITIILIUA ULOCK 

97. Problem for Solution. — The roof covering of the 
main building for the treatment of diphtheria at the same 
hospital presents a very interesting study from the stand- 
point of construction as well as of hygiene. 

In the first place, it may be mentioned that the problem 
for solution was to cover a ward measuring 28 metres long 
by 12 metres wide by a roof resting upon ordinary brick 
walls, 22 centimetres thick, without providing any inter- 
mediate support vuthin the rectangle of 28 metres by 12 
metres = 33G square metres area. Consequently, it was 
necessary that the weight of the roof system should be 
carried entirely by the walls. 

For a roof designed in the ordinaiy manner the employ- 
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ment of wall plates capable of acting as beams would be 
imperatii e for the purpose of distributing the loads trans- 
mitted by the roof trusses in such manner as to avoid 
overstraining the brickwork. 

The architect proposed to adopt wall plates consisting of 
built-up steel girders, and carrying trusses spaced 4 metres 
apart. 

Fig. 104 illustrates the proposed method of construction, 
which comprises two wall plates A and B and a truss 
carrying a ceiling Atrr^B, and t%vo partitions ady be for the 
passage of light through openings in the ceiling from the 
lantern abote. The medical staff, however, required the sup- 
pression of the n\tmht^ab,cd,ce,(f,dj,je, in order to a%oid 
the collection of microbes m this part of the structure. 
This demand involved the conversion of the side partitions 
ad and be into two beams each 28 metres long. Taking into 
account the great span and the thrust of the principals AD 
and BE at the points </ and e, colossal proportions would 
have been necessary for the beams ad and be^ the weight of 
which would have been sufficient to crush the thm end walls 
of the building 

An alternative proposal was then made to construct in 
steel two tubular beams, CDEH, CDEH (Fig 105), to 
carry the roof proper. This projett was found to be 
impracticable because of ns ungainly proportions and hcais 
cost. 

98. Solution of the Problem.— The elegant solution 
proposed by M. Cottancm and accepted by the hospital 
authorities was to make two triangular tubular beams 
connected at the ends by nbs and at the top by a lantern 
as shown in Fig 106. 'Ihe sides ED, KD are of reinforced 
brick 7 ccnlunetrcs thuk, the horuonlal members HE, 
HE are of reinfortcd loiurcte 5 cenlimelrcb thuk, with 
stiffening ribs of the same inaltrial 20 tcniimctres deep 
by 5 centimelros wide, following the iriancubtion m the 
plan; .mil the imlmid numbers HD. HD mnuM of 
a inangul.nlion of icinfonid loinntc tihs 20 <enlimeTrts 
deep b) 5 ceniimetres wide, 111 the \ertual plane of the 
IrianguUtion of the members HE, HE At fne points m 
each mam triangular beam \crucal members of concrete- 
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bars of steel plate have been used, with the dimensions of 
40 millimetres wide by 16 millimetres thick, and arrantjed 
to form a triangulated system of bracing, as shown in Kg. 

1 1 1. The bars are embedded in the brickwork, and their 
ends are securely connected with the horizontal and 
\ertical reinforcement of the side walls and roof, and with 
tlie lioriionul plate at the base of the wall over the opening. 

At the points where tlie bars cross thej are firmly bound 
together b\ steel wire ties, and where the bars are made up 
of more than one length the extremities are connected, as 
ilkivtmied by Kg^ ttz and tij, by being bent over to 
form hooks, "hic^i, when linked togetlier, are held in posi- 
tion by .1 s{»snil binding of steel wire. ''Tien these joints 
are cn'UvdJed n eemxmt mortar die connection prorided 
!< .I'v I? a weld tor resi'-rtrg eiLher tension or com- 

pn.NMv'iK 
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reinforced with slecl rod^ intctlnccd to form a nct«\ork, ihc 
me^bes of which >ar)' in dimensions according to the 
resistance required. 

The weight of steel per square metre of the floor slab is 



between lo and u kilo- * 

grammes. If the meshes I 

were of uniform dimcn- ! 

sions, and proportioned to ' ~ ! 

the most severe stresses > ' 

experienced, they would _ V ^^****^^^^ i 

probably weigh about i6 

kilogrammes per square i / _ _ . * 

metre, representing tn I i 

creased expenditure with 
out any corresponding ^*Se. t: 

advantage. § 

The reinforcement of the 'f 

floor ribs and floor slab is 
securely tied to that of the * 

walls. c -t. lie. 114 — ri.tn of First Floor, 

104. Roof Construe- mcwcU from below, 

tion. — ^The ribs of the roof 

are 20 centimetres deep, and are arranged similarly to the 
stiffening ribs of the floor. Os'er and bonded with them is 
a slab of reinforced cement concrete 5 centimetres thick, 
all the reinforcement being connected as m the floor. 
Below the stiffening ribs of the roof is a ceiling of armoured 
plaster, which with the concrete-steel toof slab forms an 
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air space about 20 centimetres high over the accumulator 
rooms. The impermeable roof covering and the non- 
conducting cushion of air enclosed below it afford efficient 
protection against rain and variations of temperature. Figs. 
108 to rii make clear the chief features of the roof 
construction. 

105 - Floor Tests. — On the completion of the building, 
the floors were tested by M. Monmcrque, with the full 
load of 3,500 kilogrammes per square metre over the two 
floor surfaces of 16.09 nietres by 8.65 metres and 9.14 
metres by 7.60 metres respectively. 

The measuring instruments used were of the Manhes 
type, lately employed in France in connection with tests of 
steel bridges, and the trials gave very satisfactory results in 
each case. 

During the same tests it was demonstrated that the walls 
of the building suffered no appreciable lateral deformation 
under the heavy loads supported and the severe strains 
caused by deflection of the floors. Remembering that the 
walls arc only 1 1 centimetres thick, and arc built entirely 
without stiffening piers or buttresses, tliis result is certainly 
remarkable. 

The author is informed by M. Cottancin that M. 
Monmerque was somewhat surprised by the records 
obtained, not so mucli because the floors successfully with- 
stood the heavy loading, as for the renson that their 
behaviour with reg.ard to flexure was not in accordance 
with his preconceived views. M. Cottancin also states that 
M. Monmcrque was not prepared at first to acccjit the 
theory that cither floor would lichaic as a single slriictiirc, 
and believed th-it the panels would act more or less as 
separate beams or slabs. I'lg. 1 1 5 is a diagram representing 
the three panels of the 9 14 metre by 7.60 metre floor 
shown in I'lg 114, and, concerning this, the suggestion of 
M. Monmerque was that the rectangles AIILH, IILKI, 
and IK.^IL wouhl act independently. In that case the 
diagram of bending moments for the sp.in AH would Ik; 
approximately as shown m I'lg 1 1(» 

.M. Cottancin, however, contcndixl that this theory was 
wrong, and that the rectangle AltML must lie considered 
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n «l» 3r~ut"s that the f<’jt HIU'.!, IIKMI, 

Ar.KH, and IHKl. in I'lr 1*7 «n-iM «f*fV lrv~c!h'-r 

lo6. Discussion of Floor Tests.— Tlic rr.amcr m 

«hifh the fimr* lirhi^ctj wi'l more rr.it5il\ aj'prcrjaiciJ 
l>\ Trf(Tc-nrr to Tip u5, «h»^c PR j« tl.c hnn.-onta!, Ixlow 
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wliich, and iwralk-I with it. i5 a lim .nt the ()ist.inie /, and 
ahotc* It two other piralKI line*, one at the di<i.incv r and 
the other at the dietamx- 1 , ihi Iitt.t f*em^ jittnted at twice 
the height of /■ .n^o^e the hon/imtal fm« I’K 

At llie full load of j.500 lllo^umnK^ per \iiii.tfe metre, 



I !<.. itC 


the point tf, at the left hind Mipport, rested upon tlie line 
I’R (refer to I'lg 117 for the |)osition of the point a on 
the floor surface’). The’ jKjmt /» rose alwse the lion/ont.il 
to the distance r, the [mint r de'>cendid hclow the 
horizontal to the distance/, llic [lomt t/ rose above the 
horizontal to the distance r( = 2r), the point <■ descended 
below the horizontal to /, the point 4 rose to r; and the 
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point i, 2: the n2ht-h3i:d sttDscr:, crcn thelhre 

PR. 

Hence, instead of being dsdeced cnder the load, and 
/i were raised, and d was raised to a hefnht donbJe that cf 
6 and ^ above the honzontaL This resnl: seems quite 
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FlC. 117. 


reasonable, for e and t in the members HE and IK (Fig. 
117) having dropped, it follows, in accordance with the 
laws of equilibrium, that ^ and d and A and d must rise. 
Further, as d was raised by an effort double the value of 
that acting upon ^ and h respectively, d was raised to twice 
the height to which h and d were raised. 



Fig. iiS. 


107. Theory of Cottancin Floors. — ^This article is 
taken from a demonstration sent to the author by M- 
Cottancin, who explains therein the theoretical basis of 
his system of floor design. M. Cottancin points out that 
action analagous to that described above is observable in 
connection with the construction of lock and dock gates, 
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which, whether made of timber or of steel, consist of plane 
vertical surfaces, stiffened by bracing, consisting of project- 
ing libs, and proportioned in accordance with the rule that 
the marimuni pressure occurs at one third of the height, 
such gates being made in pairs meeting at the middle of the 
opening to be closed. 

It has been found that when the bracing possesses a certain 
resistance this resistance causes variation of the bending 
moments between the point of matimum thrust and the 
top of the gate, although the maximun thrust is alwa}s 
exercised at the same point. 

This view is illustrated by the case of a bridge girder, 
where the maximum bending moment is not necessarily to 
be found at the point of maximum load. 

It follows that the resistance of the horizontal stiffening 
ribs can be ascertained with reference to the vertical plates 
or planks of a gate, so that the maximum effort at any 
point whatever shall alivays produce a maximum bending 
moment at the upper part of the gate and on the Centre 
line between the \ ertical walls of the gateway. 

It is evident that under a static load the character of the 
bending moment is not changed and the most favourable 
conditions of resistance arc thereby ensured, because the 
various parts of the structure are not alternately in tension 
and compression, as in the case of a bridge subject to 
rolling loads. 

ICthe maximum bending moment of a dock gate occurred 
normally at one-third of the height it would be displaced 
with the increase of pressure, giving rise to conditions 
similar to those graphically represented m Fig. 119. Upon 
the section vm in this diagram, where the maximum bending 
moment is at AB, there is compression on I and tension m 
II and 111 , whereas in the case represented by Fig. 120, and 
the points of the cunes I, II, and III in the section mn 
are always in tension. 

In the Cottancin floor system the slifTcning ribs — 
corresponding w ith the braang of a dock gate — are propor- 
tioned to the resistance with reference to the floor slab- 
corresponding to the planUr^ or steel plates of the dock 
gate — so that the bending moment is always maximum at 
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a point such as b at the centre of ac^ in the surface MNfba 
(Fig. 1 31). But we may take a surface ]\I'NV< 5 rt intimately 
connected with the surface and arranged so that 

the surface M'N'nJfi shall be able to transmit the maNimum 



Fig. 119. 


bending moment at fi. Then a force ?, acting in a down- 
ward direction at the centre of the surface MNcba, will not 



ri<.. ISO. 


be able to depress the line <tc, as shown by the line abe, and 
the line or will follow the modified direction ab'c, because 



the Surface M’NV/vi olTers resistance to the sinking of the 
point /' in the surface MNVAi. 

'I’he same line of reasoning is extended to ribs such .is 
MN', M'N in Fig. 1*2, where the surface is assumed to bo 
formed so that the downward force porpcndicukir to a line 
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as rs (Fig. 123), and acting at any point whatever in that 
line, shall still leave the m.iximum hending moment at tlic 
centre. 'I'hus we ha\c rts for the curse of bending 
moments with the force at 1’, r/s with the force .nt P', r/'j 
with the force at P and rf's with the force at P '. Further, 
in a floor panel braced by means of stilTcning ribs passing 



nr. 112. 


from one corner to another (as shonnin Fig ui, any down- 
ward force P acting upon any point whatever of the surface 
MM'N'N will always cause the maximum bending moment 
due to that force to occur at the point of intersection of the 
ribs MN' and M'N 

Hence M. Cottancm points out that the critical points 
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in a floor such as that illustrated in Fig 1 1 7 are />, d, and 
/r, where the greatest resistance to bending moment is 
furnished by the diagonal ribs, and argues that the depres- 
sion of parts not so stiffened causes the elevation of the 
stiffened parts 

This view is supported by the tests conducted at the 
depot in the Rue de Lagny 

Tests conducted at L'Ecole des Ponts et Chauss^es show 
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further that floors constructed in the manner here described 
behave as if their outer edges were securely fixed, while at 
the same time they are merely supported in the ordinary 
way. 

io8. Cottancin Reinforcing- Network. — The steel 
rods employed in the Cottancin system for reinforcing 
brick walls and concrete slabs are applied so as to form 
a reticulated network, surfi as that represented in Fig. 
124. 

The rods are passed through holes in the bricks, or 
embedded in concrete. Drawings illustrating the arrange- 
ment of the network will be found in Figs. 129 and 130. 

This article relates only to the principles relied upon in 
floor construction. 



I'lG. 124. Fig. 125. 


In the first place, it is recc^nised that one effect of 
vertical force, applied at any part of the surface, is to cause 
lateral expansion, resulting in pressure of the mortar or 
concrete against the strands of steel constituting the 
reinforcing network. Fig. 1 25 represents a prism of mortar 
or concrete in a floor slab reinforced by a network of steel 
bars, P the applied force, and f the reinforcement sur- 
rounding the prism of nhich a is one side. The effect 
of binding the prism is similar to but less in degree 
than that due to the hooping of concrete in column 
construction as recommended by M. Consider^. 

In addition to the restraining influence of the steel rods 
the prism a is further reinforced by being imprisoned, as 
shown in Fig. 126 in the middle of a series of eight similar 
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prisms, lettered h, each of these belrig surrounded by a 
mesh of tlie network, and the whole series by the hooping 
f, whose resistance against lateral bulging rs increased by 
connection with the strands of the network passing between 
the prisms a and b in directions both parallel and per- 
pendicular to every side of the group. Thus the prism a 
experiences from the eight prisms b a reaction equal to 
the action producing lateral expansion, less a diminution 
proportionate to the elastic deformation of the prism. If 
the prism were not reinforced laterally in the manner de- 
scribed it might fail under the force P, whereas, being 
treated in the manner shown, action is neutralised by 
reaction, with the result that the prism has merely to 



withstand stress cijua! to the difference between the action 
and tlie reaction. Assuming this differentc to be tqual in 
value to tlic clastic deformation of the matenal, it follows 
that a great accession of strength must result. 

Purlhcr, it must be remembered that this small projxirtion 
of the original force P is distributed among the surrounding 
eight prisms and in turn the grouj) of nine prisms 
represented in 1 ig 126, when surrounded by other prisms 
f, as in I'lg ir;, only transmit to each of the sixteen 
prisms a still sni-aller proportion of the clastic deformation 
of the prism <r. It will l>c observed that the twentj fnc 
prt<ms m Tig 127 are hoo|ied bs the band which 
IS tied lateral!) b) the network, as prtiiousl) explained. 
Of wurse, onl) a single downward force 1’ is here considered, 
while in the case of a floor under uni*^orm!) distributed 
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load there would, be the equiralent of a force P on ever)* 
prism into w hich the floor is subdivided by the meshes of tlic 
reinforcement, but this multiplication of the force docs not 
in any «ay elfcct the bcncfidal influence of the sjstcm of 
reinforcement described 

^l\|sON Ur RAri’ORT, CAKIS 

109. General Description. — An excellent example of 
reinforced construction os applied to dwelling-houses is to 
be found at No. 29 Avenue Kapp, Paris, a street running 
from the Avenue dc la Bourdonnais, on tlie northeastern 
Side of the Champ de Mars, to the Pont dc L’Alma. 

Fjg. leS is a plan illustrating the general arrangement of 
the building, which vras designed bj MM. Combes ct 
Lavirottc, a Parisian firm of .'irchitccts, m aecord.mce with 
the Cotiannn svstem of reinforced construction. In order 
not to depart altogether from custom.try mcihods of con- 
struction, the architects decided to employ stone for 
building the exterior walls up to the first storey on the 
main fa(,ade and to ground level elsewhere, except In the 
case of some walls which arc constructed in reinforced 
linck down to foundation level. 

'I'hc ujijKT jJortion of the building is constructed in rc'in 
forced hnek and reinforced concrete. 
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a portion of the column. The sides of the caisson consist 
of four brick walls 11 centimetres thick, all reinforced by 



I’ll*. 128 — M.iivin He I'afisd’hn) 

Steel wires of 4 4 millimetres diametir, these being securely 
connected with the sUtI nciwork of th*. cement slab 



ll 120 I 1, 


III. Walls. 'Uk Inals u» the wa’l stand. n,; (.jKi'i ttic 
caisson foundation illustrated n ! 10 1 29 aie 1 1 cr* ti- ctrrs 
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ends of those in P which have been cut are jointed 
together, thus restoring the arrangement whicli twisted 
before they were disturbed. 

Cement mortar is then applied to fill up the space of the 
concrete removed from the two ribs at the point of inter* 
section, and the bar A, omitted from the rib P, Is passed 
through the loops c of that rib. 

At the point of junction the bars A of the ribs N and P 
arc securely wired together to male a firm connection. 
This joint is also covered with the mortar, through which 
project the loops e. 



J n. 134 


Vu.. ijs- 


In I'lg IJ4 the loons at the jwint of intcr'cction of the 
two ribs are omitted for the saVc of clearness. As the bars 
A and B of the two ribs an* not hahcil together it is clear 
that iheir lop surfaci's cannot l>e brought to the same Io\el, 
but this slight dilTcrencr is made up by the ihtrlncss of bar 
A of the second rib, wliu h rests up-^n the toj> surface of tJic 
concrete. 

In this manner a joint is nude without imixilflr',’ the 
strength of cither nitnil'^r 

I',‘. IJ 5 f«-prcscnt« N in tksaiion .and P in ••etmti 
after th-' joint hat l«^‘n finally onnp’ctrd, .and frcni Ihi* 
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sl.elch the relative positions of the bare A and B can be 
readily understood. 

When the mortar of the joint is well set the spaces 
between all the stiffening nlw are spanned by plates of 
reinforced plaster 2 centimetres thick. These plates are 
supported by cleats of wood wedged or otherwise held in 
position against the sides of the ribs, and over them is 
spread a network of steel rods. This network is made 
beforehand in a suitable workshop, and its meshes pass 
between the loops c projecting from the stiffening ribs. 
Ne\t, the loops are bent downwards succcssnely from one 
end to the other of each rib, so that they form a kind of 
chain which imprisons the network spread over the plates 
of plaster. In this way the reinforcement for the floor slab 
is formed, and the armoured plaster plates constitute the 
centring. 

The material of whicli the floor slab is formed consists of 
I part of Portbnd cement and 2 parts of sand, the first 
layer being mixed verj" wet to enable it to pass freely 
beneath and between the steel wires and rods; while, to 
assist the penetration of the concrete, the network is lifted 
up by means of hooks The second layer of concrete is 
mixed very dry, in order that it may suck up the excess of 
water in the bed below. In this way a homogeneous floor 
slab 5 centimetres thick is formed over the whole surface 
to be covered. 

In places where it is desired to l.i> wood flooring, strips 
of timber are bedded down upon the first layer of mortar, 
and are held m position by nails driven into the sides of 
the strips so as to project head downwards at an angle of 
about 45 degrees. The beads of the nails catch in the 
meshes of the reinforcing network, and are securely held by 
the surrounding concrete. Floor boards can then be nailed 
down in the ordinary manner. 

It should be added that some of the stiffening ribs are 
made with beaded projections along the lower part of each 
side, thus forming ledges, which are used in the first place 
for supporting the cleats by which the plaster plates are 
held in place during the construction of the floor slab. 
After the slab has set the cleats are removed and the 
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slope that faces the Avenue Rapp enamelJed tiles are fixed 
by means of Portland cement mortar. 

The rain-water gutters at the foot of the mansard slopes 
are formed in reinforced cement mortar moulded in forms 
suitable to the architectural features of the building and 
tinted in black ochre, thus giving an appearance resembling 
that of slate or cast iron. Gutters are also formed in the 
flat portions of the roof system. 

The dormers which occur m some parts of the mansard 




roof are built of reinforced brick, and the reveals are of the 
same construction. Those overlooking the main courtyard 
are finished by a rendering of cement coloured to the 
required tint, while those on the mam facade are covered 
with ornamental stoneware reinforced by steel wire. All 
skylight openings in the roof are constructed in reinforced 
brick. 

116. Cantilever Construction. — We now direct atten- 
tion to a most interesting constructh'e feature, consisting of 
a portion of the building which overhangs the main court- 
yard, as indicated by the shaded area in Fig. 138. This 
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projecting angle constitutes a great corbel six storeys in 
height, and extending from the first floor to the top of the 
house. The column, which is shown m elevation in Fig. 
ijq, is of stone, and appears to support a ver)* great load. 
But in reality it has no work to do, and might have been 
omitted entirely without impairing the stability of the 
structure. It was included chiefly for the sake of appear- 
ances, and as a matter of fact the column was not put in 
its place until the whole of the work above had been 
completely built. 

Fig. 139 is intended to make clear the principle involved 
in this bold piece of structural engineering The lower 
portion of the corbel is represented by the lines AB, BC, 
these being the lower boundaries of the bnckwork which 



Tic. 13S.— I’art Ground Plan. 

actually transmits the loads to the walls of the main build- 
ing It will be understood that, as the two outer walls 
of the corbel are of reinforced brick, they have been 
thoroughly connected by means of steel network with the 
walls of the mam building, to which they are further tied 
by the floors of storeys Nos, 2 to 7. These floors, per- 
meated by steel network connected with the network of the 
walls on every side, are in effect horizontal, very wide, and 
shallow tie-beams. Further, we have the cross walls of 
the various rooms, and these also are lie-beams, very deep 
and thin. Taking into account the vertical outer walls, the 
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slope that faces the Avenue Rapp enamelled tiles are fixed 
by means of Portland cement mortar. 

The rain-water gutters at the foot of the mansard slopes 
are formed in reinforced cement mortar moulded in forms 
suitable to the architectural features of the building and 
tinted in black ochre, thus giving an appearance resembling 
that of slate or cast iron. Gutters are also formed in the 
flat portions of the roof system. 

The dormers which occur in some parts of the mansard 
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roof are built of reinforced brick, and the reveals are of the 
same construction Those overlooking the main courtyard 
are finished by a rendcnng of cement coloured to the 
required tint, wlule those on tlie mam facade are covered 
with ornamental stoneware reinforced by steel wire. All 
skylight openings in the roof are constructed in reinforced 
brick. 

116. Cantilever Construction.— iVe now direct atten- 
tion to a most interesting constructive feature, consisting of 
a portion of the building which overhangs the m.ain court- 
y.nrd, as indicated by the shaded area in Fig. 138. 'Hiis 




MAISON DE RAPPORT, PARIS 165 

projecting angle constitutes a great corbel six storeys in 
height, and extending from the first floor to the top of the 
house. The column, which is shown in elevation in Fig. 
139, is of stone, and appears to support a very great load. 
But in reality it has no work to do, and might have been 
omitted entirely without impairing the stability of the 
structure. It was included chiefly for the sake of appear- 
ances, and as a matter of fact the column was not put in 
its place until the whole of the work above had been 
completely built. 

Fig. 139 is intended to make clear the pnnciple involved 
in this bold piece of structural engineering The lower 
portion of the corbel is represented by the lines AB, BC, 
these being the lower boundaries of the brickwork which 



actually transmits the loads to the walls of the mam build- 
ing. It will be understood that, as the two outer walls 
of the corbel are of reinforced brick, they have been 
thoroughly connected by means of steel network with the 
walls of the mam building, to which thc> are further tied 
by the floors of store)"s Nos 2 to 7. These floors, per- 
meated by steel network connected with the network of the 
walls on every side, are in effect honrontal, very wide, and 
shallow tie beams. Furtber, we have the cross walls of 
the various rooms, and these also arc lie-beams, ver) deep 
and thin. Taking into account the vertical outer walls, the 
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inner cross walls, the horizontal floors, and the roof con- 
struction, this projecting angle of the house is seen to be 
nothing more than a huge cant^!e^er braced in the most 
efflcient manner, and quite independent of any support 
beyond that derived from the building to which it is 
secured, and with which it is incorporated. 

We will turn next to the details drawn in broken lines. 
In the first place, we have two triangular wall surfaces 
which, taken together, form the area ABC in Fig. 139. 



'I'hcse portions of the wall arc in reality suspended from the 
Ojiper part of the reinforced hrulnork, and arc thoroughly 
bonded with it in the ordinary way, as well as by the 
network of steel wires jvissing continuously ilirough and 
between the bricks. 'Hic floor of the first storey is also 
5 US[>cndcd at the outer edges while along the two inner 
sides it Is supfiortcd by the walls of the building as the 
other floors arc supjwrtetL In this thawing the .susf<cnded 
jtortions and the column arc merely drawn in dotted hm'S 
for the purpose of identification. 
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When the great console, with its dependent walls and 
floor, had been built the floor of the first storey, with the 
whole of the sk storeys abosc, remained suspended in mid- 
air until the stone column was erected in its place to give 
this portion of the building a reasonable appearance of 
security, and to ensure outuard compliance with the form 
of construction to which the eye is accustomed. 

Although the designer entirely disregarded the support 
afforded by the column, it must not be forgotten that this 
member is really capable of taking the weight of the 
projecting angle and, being placed beneath it, must take 
its share of the load, thereby relieving the reinforced brick- 
work of strain and adding verj' materially to the strength of 
the construction as a whole. 

117. Braced Gallery Girder. — Another singular piece 
of design at the front of the building is to be found in an 
arch, of 7 metres span, over a large window of the third 
storey. This arch appears to support a gallery above, but 
in reality does nothing of the kind, being supported by the 
galler)', which is about 4 metres high and, stretching from 
side to side of the fa<;ade, is practically a braced girder of 
great strength. 

118. Staircases. — Both the principal and the service 
staircases are formed vvith an inclined plane of reinforced 
cement mortar 5 centimetres thick. Above the surface of 
this slope are two stiffening ribs, one placed at each side 
and corresponding with the customary "string boards.” 
The treads, also of reinforced cement mortar, were moulded 
so as to give a channel section, and, of course, are set m 
position with the flat side uppermost Above the principal 
staircase is a water tank for the operation of the passenger 
lift, the tank being constructed of reinforced brick and 
cement. 

119. Pavement Lights. — For lighting the basement, 

pavement lights are provided in the three courts. Pave- 
ment lights of the kind ordinarily used in Paris having 
frames of T-bars, as in Fig. 140, naturally block an un- 
necessarily large proportion of the light available. To 
ebriace this drsadtantageous i^fure ffte rJ/cisfrafed 

in lug. 141 was introduced by M. Cottancin. The frame- 
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Thus it will be realised that the main idea of the con- 
struction is that the bulk of the weight is carried by stems 
stretching forth rigid yet elastic arms at different heights, 
the arms of the different stems being so tied and connected 
together by the intervening fabric that the whole group 
forms a single self-contained structure firmly rooted into the 
ground. 

125. Details of Column Construction. — Fig. 148 
is the cross section of a column 44 centimetres square. 
The outer portion is built up of six bricks each measuring 
22 centimetres long by ii centimetres wide by 7 centimetres 
thick, and perforated by eight square holes The central 



core consists of ordinary concrete. Except at the four 
corners, the vertical reinforcement consists of steel wire, 
No. 20 French wire gauge, measunng 4.4 millimetres 
diameter, the wires passing through the holes, uhich are 
aftcnvards filled m with concrete. At each corner of the 
column the vertical reinforcement consists of a steel bar with 
an area equal to 43 of the No 20 gauge wires, and it will be 
observed that each of these bars practically fills the square 
hole in the brick. In the horizontal joint of the brickwork 
steel wires, also of 4.4 millimetres diameter, are wo\en in 
and out of the \ertical reinforcement as represented in the 
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section, nnd at inten'als of 70 centimetres, measured 
vertically, diagonal ties cross from corner to corner of the 
column, being securely connected to the vertical bars of the 
reinforcement. The bricks in alternate courses are disposed 
so as to break joint, and nhen the nature of the reinforce- 
ment is taken into account it is evident that the column is 
very adequately bonded. 

Fig. 149 is a cross section of a column in the crypt 



showing the projecting nbs. The diagonal square drawn 
in dotted lines is the outline of the column in the church 
abo%e. 

Fig. 150 is taken from a cross section of the building, 
and illustrates a portion of the column and floor construction. 
In this drawing will be seen the curved nbs springing 
from the columns, and affording rigid support for the 
church floor. The portions of the upper columns appear 
to be wider than those in the crypt, this being, of course, 
because they are placed at a different angle, as e.Kplained in 
Article 124, and as represented by dotted lines in Fig. 149. 
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Fig. 151 is a plan including four columns, and the curved 
ribs springing therefrom. 





Fin. 150.— Column and Floor Construclion. 

The twisting of the columns at the floor level of the 
church IS made practicable by the arrangement of the 



1 i«. 151. — Column and Arclied I\iL>s. 

vertical reinforcement, in the manner described below, so 
as to afford support for the overhanging comers of the 
upper portion of each column. 
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In the diagrammatic plan (Fig. 152) let aa\ aa", a"a"', 
a"'a represent the four sides of the crosss ection of a 
column in the crypt, and W", fF', b"'b the four sides 
of its continuation in the church abo\e. 



Then we have to support 
four projecting corners, 
namely, b, b\ b", b'". 

This cond'iKon is fulfilled 
as shorm in the perspective 
diagram Fig 153, where 0, 
a', a", a" are the comer bars 
corresponding with those in 
Fig. 148. For the sake of 
clearness no account is taken 
in the diagram of any but the 
four corner bats of the ver- 
tical reinforcement. 

The projecting comer b of 
the upper part of the column Pig, 153 

is supported by continuing 

the vertical bar a, as shown in Fig 153, first m the cuned 
direction a e, and then vertically to b, which stands for any 
point in the column vertically above c. The vertical bar 
a' is continued in a similar manner to c and ^’.the bar a" 
to r" and b", and the bar a"' to F' and b"'. 
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The result is shown in plan bj' the thick lines in Fig. t$2, 
where the axes of the vertical bars are diverted thus— <7 to 
l>, a' to b', a" to b'\ and a'" to b"' 

Assuming that the four bars have been twisted in this 
manner, let four other bars, eb^ ifb\ c"'b"\ be attached 
(see Fig. 153), one at each of the points c, c\ c'\ c"\ and 
carried vertically downwards, as shown by dotted lines in 
the diagram, to the lower points b, b\ b", b'". It is evident 
that these overhanging points must receive such support as 
the column above is able to afford, by means of the four 
bars which form a part of Us system of reinforcement 
throughout its whole height above the floor of the 
church. 

I As the octagonal portion of the upper column (see Fig. 
150) receives adequate support from below, and as a 
system of reticulated reinforcement (see Fig. 148) permeates 
the substance of each part of the column and passes un- 
broken from one portion to the other, there can be little 
doubt as to the value of the support given to the projecting 
comers. 

We must remember also that the bars ab, a'b\ a"b'\ and 
d"b"\ even though they are bent, possess suflicient rigidity 
to resist a considerable downward force exerted in the 
directions bcb, b'^b', b"c"b"y b"'e"'b"'. Moreo\’er, all the 
vertical rods or wires m the column are also bent to follow 
curves similar to those of b to c, U to b" to c", and b'" to 
r" in Fig. 153. 

But the projecting corners of the columns in the church 
receive further support from three other parts of the 
structure, namely, the reinforced floor slab, the horizontal 
floor ribs, and the ribs spnnging from the columns in the 
crypt, as shown in Figs 149 to 151. 

Some of the longer ribs radiating from the columns are 
prolonged to form the joists of the church floor, while the 
shorter ones afford support by means of blocks placed at 
the point of intersection (see Fig. 150). 

As these stiffening ribs arc braced together laterally, a 
series of four-legged frames is formed, each of which is able 
to carrj’ a very great load upon its centre if the ribs be 
properly connected at the point of tmnvergence. This part 
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of the construction is, in fact, based upon the principles 
governing the design of domed or vaulted structures. 

126. Fioor Construction. — ^Thc design of the church 
floor— or, as it may be termed alternatively, the crypt roof — 
is made clear by Fig. 154. 

Here the points A, B, C, and D stand for columns. 
Arched ribs At and A# spnng from A ; similar ribs B/ and 
Ba from B ; similar ribs Cr and Cd from C, and similar 
ribs T): and Tiir from D. Connecting ribs af, cfc meeting 
at 3nd corresponding ribs M, eh, meeting at h, complete 
the triangulated panel. 

Since all these arched nbs are braced together by the 
concrcte^teel floor slab, a comparatively small percentage 
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of reinforcement is so/ficient to ensure very great resist- 
ance. 

The principle here outlined has been extended to the 
^^hole of the floor system, and the result is the complete 
tnangulation represented in Fig. 155, which is a skeleton 
plan of the ribs 30 centimetres deep, with an average thick- 
ness of 7 centimetres below a portion of the floor slab of 
the church. 

The reinforcement of the floor slabs is disposed in 
meshes, which vary in size m accordance uith the diagram 
of bending moments for different parts. In this way the 
metal is utilised in the most economical manner, and the 
dead weight of the floor Is reduced to a minimum. 

This floor, in which panels measuring ii 50 metres by 
7.2S_ metres are entirely supported upon four piers of 44 
centimetres square, is certainly of much interest, not merely 
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Railway Station Dome, Antwerp — Locomotive DepSt, 
JURA-SiMPLON Railway 

RAILWAY station DOME, ANTWERP 

128. General Construction. — An interesting example 
of concrete-steel construction is afforded by this dome, Mhich 
springs from the roof level of the new Central Railway 
Station, Antwerp, at ijo ft. »K/v .Joe 

the farther height of 150 ft. 
detail of the station building 

of stone, but as it was found that the foundations would not 
carry the w’eight involved concrete-steel construction was 
substituted, and further reduction of weight has been secured 
by building the dome with hollow walls, The work was 
o’cccuted throughout by M. Vasaune of Brussels. 

As shown in Figs. 157 and 158, the dome comprises 
four large arched windows placed upon the sides of a square, 
and upon these rests the dome proper, which in turn sup- 
ports a campanile. E.ach window is in the form of a galler)', 
with sesen arcades surmounted by a semicircular arch of 
32.8 ft. radius. The arriics .arc framed by an archivaiilt, 
It. 5 ft. high, receiving at its penpher)' the haunches of the 
dome. 

The entire siriu turc, wIihH weighs r.Soo tons, rests 
upon the four «nlumns at tlw angles of the windows, 
these being the only points where solid support was obtain- 
able. 

The columns arc Y sh.iped in iross section, .and at the 
height of the centres of the anhes they are subdivided into 
three separate members. 'Hic tail of the Y is calemlcd in 
the diagonal plane in the form of a thrust block rising 
oblifiiiely between tlie two shells of the dome. 

181 
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In the horizontal plane passing through the tops of the 
archivaults is a member m the form of a flat ring, 4.92 ft. 
wide, which is supported at eight equidistant points by the 



tops of the and itu md^ of itn hVxLv 

'rins numlxT 'cni-* pjijxixts tiun liDtum'.al 

rcnctiniiN due to the niilnjuiU «»t ttic thru'l M » L», and 
tctmlc vtfi''cs dm t«» ilif iil« I'l- d '^ir. Tic 
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rods, commencing at the archivault, go down in the mid-ribs 
of the arches, and extend into the two central columns of 
each gallery of arcades for supporting a horizontal beam, 
hidden in the entablature of the gallerj', by which the upper 
lights are carried. 

The dome consists of two superposed shells, separated by 
a distance varying from 3.2S ft. to 6.56 ft. The internal 
shell, which forms the ceiling of the entrance lull, is decorated 
with sunk moulded panels, which leave only flat bands on 
the inside of the shell. Some of these bands are formed by 
a skeleton of beams and trimmers which are supported on 
tlie annular ring of the dome, and carry the entire weight of 
that structure. This skeleton was erected first, and served 
to support the moulds for the panels, which were ne.\l filled 
in with concrete 

The external shell of the dome has a uniform thickness of 
3.15 m., and i'. rclievc'd by six moulded ribs following 
meridian lines. It is supportcnl upon the internal shell by 
small distance pieces normal to the two surfaces, this 
method of support allowing for the unequal expansion of 
the shell due to tlie oblupic direction in which it encounters 
the ^1)5 of the sun. 

129. System of Moulding. —One of the most Interesting 
features connected with the constniciion of tlie dome was 
the ingenious method of moulding devised by M. Vnvaune, 
which was employed in forming ornanicnt.il details and Imita- 
tion sculptures of all kinds. So numerous and so varied 
were such details that it would h.-ive been quite out of the 
question to make timber moulds for them, cspcciallyas much 
of the wMfk had to be exctuled on surfaces some curved in 
one dirci tnm and others in two diret lions. 

M. Vasaunc first cxci uted in plaster a model of the orna- 
mentation to be repruduied in concrete. He then spread 
u{X)n this a bjer, from about 1 in to 3 in. thick, of a paste 
made of m.ngncsium oxj* htondc and s.awdust, which quickly 
hardens and constitutes a light .ind strong mould that ran 
be worked like wood '/"he same (ibstcr model h.h used 
several limes for the prodiution of moulds. 

The construction of the window dcl.vils w.as cspcctallj 
diflicmlt l>ecause of Clic great nchnc*ss of the ornamentation, 
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and of tlie exactitude withniiicli tlie moulds had to be made 
to ensure the perfect fit of the difierent sections. Those 
parts of the windows which form galleries were filled with 



concrete at one operation m moulds built up in position on 
the site. For the semicircular portion of each window a 
complete moul d was set out on a perfectly level platform, 
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and the mould slioucd in holluu one face of ihc entire smii- 
eirtle. 

The foncftto was moulded to a Ihiriness of ; irif and 
the moulded part was diiided mtospeeially marked portions. 
Then the moulding, followetl by ihcsanie dh isinn into parts, 
was rcpcalcrl to obtain the op{>osicc face. In tins t«o 
rorrcs[>onding portions, pl.i« cd liack to back, formeil a hollow 
structure fcprescnttnj; one element of the window framing. 
'I’hc parts were afterwards used in buddire up the frame- 
work, just as stones arc cniplo)ed, but steel bars were {»?.Kvd 
as reinforcement in the hollow sjuees, whteh were tilled uj* 
with roniretc so as to connect the two mouldccl jiarts and 
to form a monolithic structure of great rigidity. 

The (lartic ul.irs rckitice to this work haie Iieen t.ikcn 
by pcrmiSMiin from ilu rroitedings of tlie Inctitiifinn of 
Nleclnnical l.nginctrs 

laxroMOTUI URCMMI'IOX llAIIUCt 

130. Types of Locomotive Depot Dcstf:n. — A 
novel ajiplicaiion of concrdcstieJ i\ to U found in the 
loconiotne df{V't rarntJ) erected .it the station of Iteonc' 
on the <)steni of the Jur.i Simplon Kailwa) f'omp.in), iwar 
Ijucannc. Our readers .vte a*.ire that biii'dingi fur tlie 
accommixbition of locomoim“> are of two eliviinctnr 
( 1 ) roundbouces wnh turntables puirig arcc-'i to rad-ilU'.: 
tr.icks, .iful (jJ fictangidar sfi-dc wuli juraffel traelv. 7?.<' 
latter t)|v- apinf-afs to In: gnu 'ally furfi rn el in tlu- pm'-fit 
eliv, an<l m tlujt .idoptrel in the eloi.,li of th'* buildif'.’i 
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maintenance eludes, by reason of the necessity for re- 
placing lai^c portions of the work at comparatively frequent 
mters’als. 

In fact, the life of a steel roof truss cannot be put at 
more than ten or fifteen years. On the other hand, the 
products of combustion, thanks to the empyreumatic 
substances disengaged therefrom, tend to preserve timber 
and impart to it m some measure the ijuality of non- 
flammability. 

The type of locomotive shed favoured in this country 
offers the advantage of being suitable for the application 
of flat roofing, which is difficult and costly in the case of 
a roundhouse. Flat roofing lends itself to more effective 
lighting arrangements and to the exclusion of cold air, 
which in cold climates is apt to freeze the water in the 
locomotive boilers. Further, it can be constructed very 
economically, for a thin flat roof supported by light columns 
costs far less than the complicated circular roofing system 
of a roundhouse 

132. Report by Prof. Bosset—Havmg been com- 
missioned by the Jura-Simplon Company to make a careful 
examination of the various designs of locomotive sheds 
exemplified by the railways of different countries, Professor 
Bosset reported in favour of the British type, but with the 
modification that all parts of the structure usually built 
of timber should be constructed m concrete-steel. In 
consequence of this report the Stale service dit controle 
decid^ to reject the two sets of plans previously submitted 
by the company — the first including steel and the second 
timber framework — for the depot required at the station of 
Renens. 

133. Des/gn by Prof. Bosset — After a minute study 
Professor Bosset produced the design for a roof system 
entirely in concrete-steel, including the roof proper, hoods 
for collecting smoke from the engines in the shed, and 
vertical flues for discharging the smoke into the opcn-air. 
Professor Bosset recogni^ jn the British flue arrangement 
the following advantages (i) that when the funnel of a 
locomotive is introduced into the hood beneath a series 
of flues it projects to such a distance that at whatever 
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point the locomotive may be stopped the smoke can 
always find its way ont by one or other of the vertical 
flues; and, (2) that being fitted with butterfly valves, the 
outlets can be regulated in very cold weather, so that, while 
sufficient draught is maintained for carrying away the 
smoke, cold air is prevented from descending into the 
building. 

The chief difficulty presented was to reproduce this 
arrangement in concrete-steel. The problem was solved 
by designing the hoods in reinforced concrete of superior 
quality, providing for their suspension from the roof by 
steel bars furnished with turn-buckles to permit adjustment. 
The vertical flues, also of reinforced concrete and fitted 
with butterfly valves and finished with weather cones, were 
designed to fit into sockets as described in Article 138. 
Full details relative to the structural features of the work 
will be found m the succeeding articles. 

134. General Construction.— The roof proper con^ 
sists of a series of beams supported by columns of concrete* 
steel. Fi^. 159 IS a half plan showing the six bays formed 
by the mam beams, the panels into which it is divided by 
the secondary beams, and the positions of the lanterns and 
the smoke flues. The supporting columns are spaced 10 
metres apart, the height of these being purposely kept down 
to 6 metres, so as to do away with unnecessary space and 
thereby to make more easy the maintenance of an equable 
temperature. Except where the lanterns occur the roof is 
fiat, being composed of a concrete-steel slab supported by 
beams, as in the case of a concrete-steel floor. The roof 
surface has slopes of about i in 30, but these were varied 
as necessary to ensure the flow of water towards the 
columns, against which rain-water pipes are fixed. It was 
originally the intention to utilise the interior of the columns 
instead of separate dram pipes, but the serviee dtt contrdk 
refused to sanction this arrangement as being contrary to 
precedent. Other structural features of the building are 
illustrated by Figs. 160 and 161. 

135. Roof Slab. — The fiat roof slab, with an area of 
about 3,670 square metres, is supported along the edges on 
a thick bed of sand — covered by a layer of paper — laid on 
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the upper surface of the walls, the expansion joint so 
constituted hemp {ntendc<J to permit lateral expansion of 
the <'oncrete-^tccl without imoUing the risk of injury by 
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dilatation of the slab. This detail of construction has the 
effect of detracting in some measure from the monolithic 
character of the building as a whole, and was insisted upon 
by the engineers of the control sen ice. It is by no means 
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certain that the expansio" *•'' nJ 

its intended purpose. T • 

Avould act after the man 

grains of sand are neither smooth nor 'perfectly spherical 
like steel balls, it may be doubted whether the action 
intended by the designer has been realised in practice. 

The surface of the slab is covered with material termed 
“ciment de bois,” over which is spread a Layer of gra%el lo 
centimetres thick, to protect the cement from the direct 
rays of the sun. 

“Ciment de bois” is composed of a lajer of millboard 
impregnated with bitumen, and three layers of paper 
similarly treated, and on this roof It was prepared as 
follows ■ The millboard was first laid upon a thin bed of 
sand spread upon the surface of the roof, the object of the 
sand being to enable the millboard to expand freely under 
the influence of heat ; next, the upper surface of the mill- 
board was coiered with bitumen, applied hot with a brush, 
and on this was spread the first sheet of paper. This and 
the remaining slieets were covered with bitumen, as in the 
case of the millboard, witli the result that the “ciment de 
hois" included four la)crs of bitumen, one layer of mill- 
board, and three layers of paper. 

136. Lantern Frames.— Fig 16a illustrates the con- 
struction of the lantern frames. At the sides of these 
precautions were neccssarj' to prevent the penetration of 
moisture. Strips of zinc were interposed for a distance of 
15 centimetres between the millboard and the paper of the 
“ciment de bois,” and cemented by means of bitumen 
applied with a brush, so th.il the rinc strips practically 
became extensions of the bituminous roof covering. Each 
strip was bent upwards for a height of from 15 to ao centi- 
metres, to form flashing against the side of tlie lantern 
framing. 

137. Gutters. — The gutters of the roof were constructed 
in reinforced cement, covered with sheet /me laid in such 
manner as to permit free exiiansion under the influence of 
heat, and the putters were liordered at the edge by a light 
curb, to m.nintain the Liver of gravel on loji of the roof at 
the thickness of 10 ccntimitns 
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said that, while gutters of comparatn el} small length can 
be so constructed without nsk of leakage, it is certainly 
preferable to add a lining to gutters of considerable length. 
In the locomotiic depot at Renens some of the gutters are 
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65 metres long, and if not lined it would be scarcely 
possible for them to remain permanently watertight, be- 
cause if one or two cracks were produced by expansion and 
contraction the whole length must be regarded as leaky. 

To render the cement guttering and the zinc lining 
capable of independent action under the influence of 
temperature changes the following method was adopted. 
After the channel had been moulded, concrete was added 
where necessary to ensure the proper fall; then the inside 
of the gutter was covered with bituminised paper, over 
which the zinc lining w’as laid. The employment of paper 
was thought desirable, because some brands of cement con- 
tain an excess of free lime, and should not be in direct 
contact with the zinc. 

138. Smoke Hoods and Flues. — Fig. 163 shows the 
details of the smoke hoods and flues. The hoods are 
formed of concrete-steel, in plates 35 millimetres thick. 

The hood descends to such depth that the upper 
extremity of a locomotive funnel is about 40 centimetres 
above the lower edge of the hood, which fits into a socket 
and is suspended by steel bars, provided with the turn- 
buckles above which the bars are bent outwards and 
continued into the concrete of the lantern walls, where they 
are securely anchored, as shown in Fig. 163. 

The vertical flues, also of concrete-steel, are circular in 
cross section, with an internal diameter of 75 centimetres, 
the wall of the flue being 35 millimetres thick. Each flue 
was fitted in a socket of concrete-steel moulded upon, and 
monolithic with, the roof slab. Thus the flues are not 
immovably fixed to the roof, but are free to slide within the 
sleeve joints, a condition very necessary for the avoidance 
of undue strain upon the concrete of the roof and the 
chimneys The socket projecting above the roof slab is 
formed of concrete-steel coated with tar, over which is zinc 
flashing, connected with the “ciment de bois” in the 
manner previously indicated. 
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A Trescii Villa 

139. General Description. — Bourg-la-Reine, a modern 
village of some 3,500 inhabitants, is a fa>ourite summer 
resort about three miles along the Orleans Road on the 
southern side of Paris. In this place is situated the r’illa 
built for M. Francois Hennebic^ue, in accordance with the 
well-known system of construction with which his name is 
identified The site of the house and garden covers an 
area of rteatly 35 metres square, the eastern and southern 
sides of which are bounded by the Avenue Victor Hugo 
and the Avenue du LyciJe-Lakanal respectively. 

The house formerly standing on this plot of land was a 
long narrow building, and with Its outbuildings extended 
along the whole frontage on the last named thoroughfare. 
Built of the tolcanic stone known as tufa, architectural 
character had been neglected in its design, as much as the 
comfort and health of its occupants. 

The new structure, erected at the north-east angle of the 
site, and with the principal facade on the Avenue du Lyc^e- 
Lakanal, suffers from too much architectural character. It 
is one of those weird constructions from which, with all our 
defects, we have been spared in England, except perhaps in 
outdoor exhibitions and at some popular rvaiering-places. 
Viewed^ from the street, the villa presents an appearance 
something like that of a pier pavilion with a promenade 
deck on top, and from its midst springs a water-tower, 
which, rising to the height of 40 metres above the road 
level, is su^estive of a lighthouse combined with the 
fighting top of a modern warship, as may be gathered 
from the view reproduced in Fig. 164. 

So far as internal arrangements are concerned, however, 
in 
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there is no ground for criticism. The house is admirab))’ 
planned; spacious corridors and balconies connect the 



Tir, 164. — A I rench \ ilH ((•juleii Front) 

rooms of the principal floors, terrace and roof gardens, 
conservatories and towers provide ample space for flowering 
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plants; and special attention has been devoted to means of 
access for light and air. 

140. Levels. — ^The gradient of the Avenue du Ljcee* 
Lakanal from the corner of the Avenue \'ictor Hugo is 
about I in 14, in conse<^uence of a cutting made in the 
direction of Ilourg-Ja-Reine Railway Station, but the 
level of the garden remains unaltered, the earth being 
held up by a retaining wall. This peculiar condition of 
the site presented some diflicult problems for solution, 
among them being that of providing convenient means of 
access to the coach-house of ilie new building. Again, the 
rain-water drains, as well as those of the kitchen and other 
domestic offices of the old Jiouse, formerly discharged into a 
well, or catchpit, on the adjoining property. Thence the 
water flowed to the street gutter, which it was compelled 
to follow for a distance of about J50 metres, because no 
drains or sewers had been provided in the mam road 
This state of things, as may readily be imagined, was 
not entirely appreciated by residents m the immediate 
neighbourhood. 

After careful consideration the designer decided that the 
res-ife OT ground floor, of the new villa should be 

level with the road surface of the Avenue Victor Hugo, 
and that the sous-sol, or Liscmcnt floor, 3 metres below, 
should correspond in level with the footpath of the Avenue 
du L)c^e>Lakanal. 

141. Basement. — The various rooms and domestic 
offices in the basement comprise the servants’ hall and bed- 
rooms, living rooms for the gardener, a lodge or lobby for 
the concierge, a motor-car garage, cellars for wine m casks 
and bottles, coal and w ood cellars, provision and fruit stores, 
a hot-water boiler-room, workrooms, and a photographic 
laboratory. A private entrance opening from the Avenue 
du Lycee-Lakanal is situated conveniently for access to 
the railway station. This entrance opens into a lobby com- 
municating on one hand with the passage leading to the 
storerooms and wine cellars, on the other with the room of 
the concierge, and is at the foot of the stairway lettered 
Entree in Fig. 165. 

The storerooms and cellars are beneath the hall and 
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children’s rooms on ihc ground floor. They are almost 
entirely under ground, for on the garden facades the level 
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f’, rig. i66, was demolished and rebuilt in stone, the 
position of (he new stall, nnuvet tnur tnifoien^ being shown 
in Fig 165. The healing chaniWr, sshich contains a hot- 
water boiler, is placed near the base of the svatcr tos'xr, and 
is prosided with altcrnatixc means of access, one from the 
outside by way of the tower staircase, and the other from 
the inside by a lobby at the foot of the sen ice staircase. 
Thus storing can be performed from (he outside without 
communication srith the house, or from the interior as may 
be most convenient. 

The flue of the hot-waicr boiler may be obsened close to 
the water tower in Fig. 165. 

Fig. t66 contains sections of the conCTCte-steel sralls 
and foundations. <7 is a section through the wall of the 
forecourt below the balcony of 
the dining-room; A is a sec- 
tion through the northern sralJ 
of the wine cellar, showing 
bins on the inside and the old 
party-wall on the outside; r 
IS a section through an inner 
wall separating two of the 
cellars; and ^ ts a section 
through the wall of the t oocicigc’s room 
With the cNception of the p.irtj-w3ll the whole of (he 
foundations, walls, and other details in* the basement arc of 
concrete-steel. 

142. Ground Floor ,— '1 wo entrances gi>e access to the 
principal rooms of the villa The chief entrance, or that 
used by visitors, is reached by a carriage-way leading from 
the Avenue Victor Hugo through (he garden and up to the 
perron oulside the doorway of the hall. This apartment, 
with a length of 9 50 metres and a width of 8 metres, opens 
’ • « • . - on the right hand, 

ind the m-tin stair- 
11 and dining room 

N\U\ be found in Figs 1G7 and 1G8. The second entrance, 
intended for use by the family, is at the head of the staircase 
rising from the Aienue du Lyc^e-Lakanal to a vestibule 
which opens into the dining-room on one side, the cloak- 
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room on the other, and leads also to the ferron outside 
the hall. 




A FRENCH VIU,A 






2o8 


CONCRETE-STEEL BUILDINGS 


be noticed a small sahn abo\e the angle cut off from the 
nursery. This room occupies the lower portion of an 
octagonal to«cr, the construction of which is illustrated in 
Figs. 174 and other dramngs, while the general appearance 
of the work is shown by Fig. 175. The tower A\eighs rSo 
tons, and projects about 4.50 metres from the wall of the 
main building, without taking into account the circular turret 



ri<. 173 —First Floor Plin. 

near the lop The corbelling is formed by two cantilever 
brackets intersecting at the axis of the tower, which is further 
supported by monolithic connection with the walls of the 
villa and the anchorage of its reinforcement into the con- 
crete of the latter (see Fig 176). 

Rising above the level of the terrace garden on the roof 
of the main building, the upper portion of the tower aflords 
space for a kiosk, the fiat roof of which is covered with a 
bed of earth 1 metre deep, in which fruit trees are planted 
(see Fig. 177). A wide extenor balcony of concrete-steel 
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extends round the top of the tower, which forms a very 
pleasant retreat m summer-time. A staircase, giving access 
to this little terrace, is provided in the turret built on the 
exterior face of the tower. 

The tower represents a total 
dissymmetrical load of 
nearly soo tons. 

145. Roof.—The flat 
roof at the top of the house 
is covered with earth to the 
depth of I metre, so that 
vegetables and flowers may 
be groam under favourable 
circumstances, and to afford 
an adequate depth for the 
roots of shrubs and trees. 

Taking the weight at earth 
of So lb. per cubic ft., the 
metre depth of soil in the 
present case involves a dead 
load of 1,280 kilogrammes 
pet square metre, to say 
nothing of the weight of a 
hothouse, which is situated 
along the northern wall of 
the building. 

146. Water Tower. — 

The most striking feature 
of the villa undoubtedly is 
the rvater tower, to which 
incidental reference has 
already been made. The 
tower was built for the 
primary purpose of sup- Fro. 174,— Octagonal Tov^m 

porting a reservoir with a ' (section All in Fig. i 7 d)- 
capacit) of 25 cubic metres 

at a height of iS metres above the ground floor level, or 8 
metres above the roof of the house. 

The erection of a storage tank at this elevation was 
necessary to provide water at adequate pressure during the 
M 
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day, as supplies direct from the town mains are only 
available during the early hours of the morning. The 
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dilTerent floors of the building, as may be seen by reference 
to Figs. 165, 170, and 173. 



I'to. I7<J. — Supporls of Ocfagonaf Torter. 


The top of the reservoir has been utilised as a balcony 
garden, and by continuing the tower still higher a second 
gallery and a small obsersaiion chamber were placed at the 
disposal of those desiring to enjoy a view of the surrounding 



lie. 177 — Top of Octagonal To«er. 

country and to obtain fresh air far above the neighbouring 
houses. 

In the design of the tower the engineer has seked the 
opportunity of demonstrating the elasticity and homogeneity 
of concrete steel, and from our present point of view the 
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success of his demonstration makes amends for the some- 
what incongruous appearance of the construction as an 
architectural detail of the villa. 

Fig. 178 is a vertical section of the tower through the 
line BC m Fig. 173. The total height from the foundation 
to the top of the vane is 40 metreSj and, as may be seen 
by the drawing, the structure consists of two parts, one 
fitted into the other something like the joints of a fishing- 
rod. 

The internal diameter of the lower portion is 2.50 metres, 
the thickness of the walls being ti centimetres, except 
near the bottom, where a slight batter is established in 
order to permit the thorough connection of the tower with 
the lower walls of the villa. The tube, of 2.50 metres 
diameter, continues up to the height of 3.50 metres above 
the terrace garden, and a few centimetres above the level of 
the latter the smaller tube commences, this portion having 
an internal diameter of 1.20 metres and a wall thickness off 
centimetres. The socket formed by the overlap of the lower 
tube provides for the doorway which gives access to the 
terrace. 

The treads of the staircase in the lower tube are of 
concrete-steel, moulded m advance with a diagonal plate 
on the underside of each, so that when fixed in juxtaposition 
the under sides of the steps formed a continuous ceiling. 
The treads were embedded to a depth of 3 centimetres 
in the concrete of the tubular wall. No string course vas 
required at the end of the treads, which terminate so as to 
form a central well-hole of 50 centimetres diameter. Up to 
the level of the entresol this well-hole is filled by a concrctc- 
steel tube, as shown in the section, and upon the closed 
top of the tube a lamp standard is fixed 

The most interesting p.irt of the tower is that above the 
terrace garden. As represented in I'lg. 178, the staircase 
of the upper portion commoiiccs within the prolongation 
of the 2.50-mclrc diameter tube In addition to the 
connections between the two tube', by horirontal members 
just above the terrace level a secure fixing is furnished by 
the annular diaphragm of concrete steel near the upper end 
of the larger tube. This diaphragm Is utilised as the 
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bottom of a recepiade for earth in which creepers and 
flowering plants can be prowii. i 

Further, four radial buttresses, of con 
crete-steel, of ^\hich two may be seen in X 
Fig. I j S, are fl\ed outside and incorporated f 
with the prolongation of the loner tube, 
aborc which tliej’ are carried innards to 
sti/Ten the smaller tube, and continued up 
to the bottom of the water rescrsoir. 

The hollow shaft of the lower, with the 
reduced diameter of j 20 metres and walls 
of S centimetres thick, passes through the 
centre of the reservoir to give access to the 
upper balconies and observation chamber. 

A horizontal section of this sliaft, taken 
immediately above the concretc-steel cover 
of the tank, shows a ring of 1.30 metres 
diameter inside and r.30 metres diameter 
outside, stiffened by four pilasters of 20 
centimetres width and 5 centimetres pro 
jection, the sectional area of concrete-steel 
being 2,364 square centimetres. A hori 
zontal section taken immediately above the 
loner portion presents the same area of 
2,364 square centimetres plus four exterior 
counterforts of 20 centimetres width and 
30 centimetres projection, making a total 
area of 4,764 square centimetres A hon 
zontal section taken at the height where 
the counterforts are of minimum thickness 
gives an area of 3,960 square centi 
metres. 

The construction of the upi>er portion 
of the tower can be very well defined as 
that of a tube fixed m a vertical position, 
having a height of 32 metres, an inside 
diameter of i.ao metre, and an outside 

diameter of 1.30 metre, on whidi has been . 

threaded and fixed about half-way up, 
upon four exterior staj-s, an annular ’toh« 
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reservoir weighing about 45,000 Jcilogrammes, and above 
this a second annular ring represented by the upper balcony. 

All the individual parts — comprising the tube, staircase, 
buttresses, reservoir, balconj*, and spire — are monolithic, 
and the whole of the reinforcement is most thoroughly 
interconnected. The weight of the construction at the 
top of the lower portion of the tower — that is, at the height 
of 3.50 metres above the terrace — is about 100,000 
kilogrammes 

It should be added that the wind pressure, according 
to its direction, imposes very considerable loads upon the 
counterforts at one side of the tower, while the opposite 
counterforts are practically relieved of load. 

So far as concerns expansion, it should be remembered 
that the end of the tube which e.xtends above the reservoir 
IS exposed to relatively rapid temperature changes j while, 
on the other hand, the part protected by the water m the 
reservoir is maintained at a temperature which varies very 
little indeed. 

The flue of the hot-water boiler in the basement (see Fig. 
173) passes through the terrace, then through the reservoir, 
in company with the shaft of the upper portion of the 
tower, and terminates at a convenient height above the 
balcony formed upon the top of the reservoir 

147. Concrete Facing Slabs. — In order to obviate 
the necessity for covering the cement surfaces of the walls 
with glazed stoneware, all the exterior facings vvere 
composed of slabs, from 3 to 4 centimetres thick, 
moulded in advance in courses about 3 5 centimetres high, 
this being the most suitable height for making a good 
layer of concrete These facing slabs took the jitace of 
timber moulds for depositing the inner concrete of the 
walls after the reinforcement liad been disposed in accord- 
ance vvith the working drawings. The villa embodies the 
first practical application of concrete-steel facing slabs in 
the manner described, but we may mention that the same 
system has since been adopted by several licensees under 
the Hennebique system, notably m the bridges of Soissons 
and Decize. The method includes a new and ingenious 
application of the principle of transverse reinforcement in 
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2'5 


the form of flat bands of steel, and is particularly northy 
of notice because it offers a ready means of obtaining 
natural facings of different gram and colour without the 
necessity for covenng the surface with paint or a \eneer 
of coloured tiles or terra-cotta. 



CHAPTER IX 


A Six-Storey Factory Building, Brooklyn — Boiler- 
House AT Creosoting Works in Texas — Founda- 
tions FOR A Factory in Essex 

A SIX-STOREY FACTORY BUILDING, BROOKLYN 

148. General Description.— The building of which 
details are here given was built in 1904 for the Thompson 
& Noms Company, at the corner of Prince Street and 
Concord Street, Brooklyn, in accordance with the system of 
the Expanded Metal and Corrugated Bar Company, of St. 
Louis, — a method of construction that has since been 
introduced into Great Britain under a different name by the 
Patent Indented Steel Bar Company, of Westminster. 

'I'he designs were prepared by Mr. H. C. Millar and 
Mr. Horace I Moyer, who also superintended the execution 
of the work, the Thompson & Norris Company being the 
builders as well as the owners 

Fig. 179 is a perspective view of the building, which 
covers a ground area of 136 ft. by 80 ft, and rises to the 
height of 72 ft. from ground level to the top of the cornice. 
The roof has a slight inclination on either side of the central 
ridge, and is provided with five skylights. The basement 
covers the whole area beneath the ground floor, and vaults 
extend beneath the pavements m Prince Sireet and Con- 
cord Street. 

Practically the whole weight of the structure is earned 
by exterior and interior columns of concrete -steel, the 
brick walls being 8 in. thick at the bottom and 6 in. thick 
at the top. All interior partitions are formed of concrete 
reinforced by indented bars and expanded metal. The 
windows have metal sashes, and are filled with armoured 



3. Fig iSi 15 a \iew iHusiraimg the general arrangement 
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of the I'olumns and tlour sj-tem. At one oorr;er of the 
farion tnche pancU ot the ground Poor are omitted to 
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and l>Oi)cr house, from «hirh a creolar hntk ch'mnej 
rises to tl e height of la? ft At the IclL of the building 
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A Six-Storev Factory Buildikg, Brooklyn — Boiler- 
House AT Creosotinc Works in Texas — Foundv- 
TtoNs FOR A Factory in Essex 

A six-storey factory building, BROOKLYN 

148. General Description. — The building of which 
details are here given was built in 1904 for the Thompson 
& Noms Company, at the corner of Prince Street and 
Concord Street, Brooklyn, in accordance with the system of 
the Expanded Metal and Corrugated Bar Company, of St. 
Louis, — a method of construction that has since been 
introduced into Great Britain under a different name by the 
Patent Indented Steel Bar Company, of Westmmster. 

The designs were prepared by Mr. H. C. Millar and 
Mr. Horace I. Moyer, who also superintended the execution 
of the work, the Thompson & Noms Company being the 
builders as well as the owners 

Fig. 179 IS a perspective view of the building, which 
covers a ground area of 136 fL by So ft., and rises to the 
height of 73 ft. from ground level to the top of the cornice. 
The roof has a slight jnclmaiion on either side of the central 
ridge, and is provided with five skylights. The basement 
covers the whole area beneath the ground floor, and vaults 
extend beneath the pavements in Pnnce Street and Con- 
cord Street. 

Practically the whole weight of the structure is carried 
by exterior and interior columns of concrete - steel, the 
brick walls being 8 in. thick at the bottom and 6 in. thick 
at the top. All interior partitions are formed of concrete 
reinforced by indented bars and expanded metal The 
windows have metal sashes, and are filled with armoured 
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glass. The beams and floor slabs arc of concrete reinforced 
by indented bars, the form of which is illustrated by I'lg 
iSo. Fig 181 IS a MOW illustrating the general arrangement 



of the columns and floor system At one lorner of the 
factory twelve panels ot the ground floor arc omitted to 
provide for the constryetion of a two storey engine room 
and boiler-house, from which a circular brick chimney 
rises to the height of 125 ft At the back of the building 
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a lift well passes through all the floors, which are also in 
communication by stain\-a}’S. These details, as well as 



I ib. 180 — I^itentcd Inclc'nt(.d B.ir. 


the ducts for \\arming and ventflatmg the building, are 
of concrete-steel. 



Tie,. iSl.— Interior \ Je«, shtminf; arraiiKtnicnt of Columns oni) 
I Io.,r lkim> 


149. Basement. — C\ca\ation for the basement w.as 
earned to the depth of about 11 ft. I'lg. 1S2 is a pl.in 
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which shows the extent and general construction of the 
basement vaults. 

The redlining \Y.'ills compnse \crtical slabs of concrete 
reinforced by ?-in. indented bars carried 3 ft. below the 
basement floor to a concrete stool footing, and stiffened by 
buttresses as represented tn I’lg. 183. 'i'he top of the 
wall is formed by longitudinal beams reinforced with 
indented bars, some of winch are bent up near each buttress 
as shown in the drawing. These longitudinal beams 


support one end of the traimcrsc be.im'* lonnuting the 
retaining wall with the mam beams of the building 

Except in one or two tascs the transverse beams support 
two lines of intermediate longitudinal beams dividing the 
vault roofing into three series of jvanels, of which the 
series nearest to the buiUiuvg is provided with venlilaimg 
lights and the other two are filled by com rete steel slabs. 
In places where no intermediate beams oitur the trans- 
verse be.ams are spaced more closel), as indicated m 
Tig. iSr. 

150. Column Foundations.— As a general rule the 
footings for the columns wete formed without timbering, 




Tig. i 8S.— Plan and 5(.ctions of Floor Construction 

apart centre to centre. The secondary beams are about 
3 ft. 9 in. apart centre to centre, and the compJete s}-s(em 
of beams on each floor is connected by a continuous slab 
of concrete-steel. 
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On the ground floor the main beams measure i6 in. wide 
by 26 in. deep, and are reinforced by sesen in. indented 
bars near the lower surface. The secondar)- beams are 9 in. 
wide by 16 in. deep, reinforced by fisc {-in, indented bars 
similarly placed. 

On the upper storeys the mam and secondary beams and 
floor slab are of generally similar constroecton, but the 
dimensions and reinforcement are vaned in accordance with 
the loads to be sustained. 

All the floors are finished with a granolithic surface layer 
J in. thick. 

155. Roof. — The roof system comprises concrete steel 
rafters spaced 14 ft. apart, measuring ta in. wide by 16 in. 
deep, and reinforced by three }-in. indented bars near the 
lower surface of the concrete. These rafters ha\'e a very 
slight inclination towards the ridge, and are connected by a 
continuous slab which performs the duty of the purlins and 
boarding used in ordinar)* roof construction. 

In the upper surface of the concrete, timber battens are 
embedded, to which a 5-ply felt waterproofing course was 
nailed, and over this a tilw roof covering was laid. 

156. Loads.— The interior columns were designed for 
maximum loads of from 106,000 lb to 480,000 Ib. each. 

The calculated floor and roof loads were as follow .— 
Ground floor . . 400 lb per sq. ft. 

Other floors . 200 „ 

Roof . . 50 „ 

All beams were proportioned by the formula of Professor 
W. K. Halt, as modified by Professor L J. Johnson. 

157. Concrete Data. — For foundations, footings, 
retaining walls, and pavement slabs the proportions of 
the Concrete were i part Portland cement, 2 parts sand, 
and 5 parts trap rock crushed to pass through a rj-in. ring. 

For columns, beams, and floor slabs the proportions 
of the concrete were i part Portland cement, 2 parts 
sand, and 4 parts broken stone crushed to pass through a 
f-in. ring. 

All particles of rock were allowed to remain in the 
broken stone, with the exception of dust. 

15 
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All concrete was machine-mixed, and sufficient water was 
used to form a very wet mixture. 

BOILER-HOUSE AT CREOSOTING WORKS IN TEXAS 

158. General Description of Works. — Fig. 189 is a 
view of the creosoting works built at Somerville, Texas, for 
the Atchison, Topeka, and Santa Fe Railroad Company. 

The rectangular building in the illustration is the boiler- 
house, the building to the right hand is occupied by 
cylinders for the treatment of railway sleepers by creosote, 
and the black structure behind the boiler-house is a row of 
creosote tanks each supported on a framework of columns 
and beams. 

The two buildings and the tank supports are of concrete- 
steel, designed in accordance with the Indented Bar 
system. 

159. Boiler-House. — In this article we confine atten- 
tion to the construction of the boiler-house, which measures 
72 ft. long by 4t ft. wide, and is 18 ft. high from ground 
level to the roof, the latter having a slight fall from the 
centre to the side ivalls. 

A ventilator 24 ft. long by about 6 ft. wide occupies a 
central position m the roof, and an awning with the pro- 
jection of 7 ft. extends for a length of about 50 feet along 
the front wall. 

As will be seen from the following particulars, the con- 
struction is very simple. 

Figs. 190 and 191 are respcctiwly a plan and a section 
of the building, which is supported by eighteen columns, 
seven each in the front and back w’alls and two each in 
the end walls. 

160. Columns. — All the columns measure 16 in. square, 
being reinforced by eight f-in indented bars up to the height 
of 9 ft. (see Fig. 192), and by four similar bars from that 
level to the top (see Fig. 193). The vertical bars arc tied 
laterally by a binding of soft iron wire at intervals of 12 in. 
apart. 

At the top of each column m the front and back walls .a 
bracketed extension is provided on the inner side to form 
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a rigid connection between the columns and the roof beams, 
as may be seen m Fig. 191. 

161. Walls. — Between the columns are concrete-steel 



ric. 189 — Cr«)«oling W01I.S at Sot 
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wall panels 4 in. thick, in which the reinforcement consists 
of vertical and hori- 


zontal J-in. indented 
bars spaced 3 ft. 
apart near each face of 
the concrete, the hori- 
zontal rods passing 
through the columns. 
Typical details of the 
construction are illus- 
trated in Fig. 194. 

162. Roof Beams 
and Slab. — The roof 
beams are 16 in. iMde, 
with the ma.ximum 
depth of 42 in. at the 
centre. They are re- 
inforced by SIX i;J-in. 
indented bars in two 
rows near the lower sur- 
face of the concrete, 
with diagon.!! bars near 
each end to resist shear- 
ing stresses. 

Each end wall of the 
boiler-house is capped 
by a beam 8 in. wide 



Tic. 190. — I'laii or Doilcr-IIoitsc. 


by 34 in. deep at the 
centre. These beams 
are incorporated with 
the end columns and 
walls, and are rein- 
forced by three ^-in 
indented bars near the 
lower surface of the 
concrete. 

The roof slab is 6 
In. thick, reinforced 
by j-in. longitudinal 
indented bars siweed 



1 IR. 191. — Sccliim of lUjilcf-Iloii'e. 




BOILER-HOUSE AT CREOSOTING WORKS 229 


5 in apart and placed near the under side of the con- 
crete. 



Fic. 192. Kic. 193. 

Sections of Column 



I'lC 194.— PetuU uf Wall Con^rucdun 


Similar bars 6 ft long are embedded over the roof beams 
near the top of the slab, for the purpose of niihstandinj 
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tensile stresses developed by continuous-girder action. Fig. 
195 contains sections of the roof slab and beams. 
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and in. deep at the front, forming openings of similar 
dimensions. The lou\7e bars are reinforced in the same 
manner as the other portions of the side walls. 

Tlie roof of the ventilator consists of a slab with the 
maximum thickness of 5 in. at the centre, sloping down to 
3 in. thick at the caves, where it projects sufllciently to 
deliver rain-water upon the main roof slab free from the side 
walls. This slab is reinforced longitudinally and trans- 
versely by J-in. indented bars spaced 18 in. and 12 in. 
apart respectively. 

164. Awning". — The front awning of the boiler-house 



FiC. 197.— Awning in front of Iknjer-Ifouse, 


(see Fig. 197) is formed by a 5-in. slab of concrete-steel 
reinforced by ^-in. indented bars arranged longitudinally 
and transversely, the spacing in each case being 5 in., and 
by longitudinal bars 6 ft. long over each of the supporting 
brackets. The latter project from the main wall columns, 
and are 12 in. thick by so in- deep, close to the wall, being 
reinforced by two J-m. indented bars parallel with the lower 


steps are reinforced by 4'm. indented bars spaced 3 in. 
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apart, centre to centre; the minimum thickness of concrete 
being 4 in , measured in a direction perpendicular to the 
surface of the slope below the stairs. 



FOUNDATIONS FOR A FACTORV IN ESSEX 

l66. General Description. — The foundation works 
here described were executed for supporting the brick 
superstructure of the new premises built for Messrs. J. C.’ 

J. Field Ltd., at Kainham, Essex. The architects 
for the works were Messrs. Scott, Hanson, & Fraser, of 
Basingham Street, London, E.C., and the contractors were 
Messrs. W. King & Sons, of London Fig. 199 is a view of 
the building taken during construction. 
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The coriCTete-stcel construction, designed in accordance 
with the Coignet system, composes three principal items — 
(1) continuous foundations for the boiler-house 92 fL 
6 in. long by 72 ft. 6 in. wide; (2) foundations for three 
Galloway boilers; and (3) continuous foundations for a 
building 271 ft. long by 41 ft. 6 in wide. 

Owing to the treacherous nature of the ground, which is 
composed of hard silt to the depth of 3 ft., resting upon a 
bed of peal about 25 ft thick, it was impossible to build 
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A Factory Building at York — Coal Bunkers, Paris 
— Screen for Coal Bunkers, Rainham — ^Flour 
Mill and Granary, Swansea — Expanded Metal 
Silos 


A factory building at YORK 

17X. General Description.— This building constitutes 
an important addition to the extensive works of Messrs. 
Rowntree & Co at York. It furnishes an e.vcellent example 
of framed construction in reinforced concrete, in some 
measure akin to the steel-frame construction which has been 
adopted so extensively in the United States. 

Every detail of the structure from foundations to roof 
is built in Hennebique ferro-concrete, from the drawings 
prepared by Mr. L. G. Mouchel, ^I.SoaC.E. (France), 
in accordance with the designs of Mr. W. H. Brown, 
architect to Messrs. Rowntree & Co. The contractors 
were the Yorkshire Hennebique Contracting Co., of 
Leeds. 

The building is termed the new Melangeur block, because 
it has been designed specially for the operation of the 
vielangeurst mixing machines, employed in the manu- 
facture of cocoa and chocolate. It covers an area of 105 
ft. by 76 ft 3 in , and, as shown in Fig. 208, includes five 
well-lighted floors having an aggregate area of nearly 40,000 
square ft. The roof is flat, and surrounded by a deep 
parapet which renders it available for the storage of pack- 
ing cases or non-perishable goods. The total height 
from foundation to parapet is 93 ft. 6 in., and the heights 
of the different storej’s from ceiling to ceiling arc as 
follow: — 
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Basement 

Ft. 

. 8 

In. 

6 

Ground floor 

16 


First floor . 

. 14 

7 h 

Second floor 

. 14 

7 h 

Third floor . 

IS 

4 

Fourth floor. 

. 14 

6 


The entrance to the bui 


ilding is situated at one side, 


access being given at ground level from other pans of the 
works by a covered corridor 6 ft. wide inside, with a lean-to 


roof, the top of which extends nearly up to the level of the 
first floor. The outer wall of the corridor is 9 in. thick, and 


is carried on a footing 8 in. thick by 20 in. wide. 

Opposite the entrance door a staircase extends from the 
basement to the roof, and at the front of the building a lift 
opening 7 ft. square provides for the instalment of a lift to 
give facilities for the transport of materials from one floor to 
another. 


Provision is made for fixing several lines of shafting for 
driving the mixing machiner)*, which is installed on the lloor 
at ground level, and a platform is formed at the height of 
8 ft. above floor level for the comcniencc of the attendants 


engaged in ch.nrging and discha^ing t)jc melangeurs. 

These arc the main features of the building, the arrange- 
ment of which is further c.xplaincd by tlie plan and section 
reproduced in Tigs. 209 and jio. 

172. Foundations. — As the soil is of somewhat com- 
pressible character the whole building is founded upon a 
concrete steel slab a in. thick, projecting about 10 ft. in 
CNcr)' direction be)ond the outer walls, thereby distributing 
the load over an area of nearly 9,700 sq. ft. 

The slab is situated at a depth of is ft. belowground 
level, and rceencs all loads from the superstructure through 
the bases of the eolumns, except the comparatively in- 
significant dead and li\e loads of the basement floor anil 
waifs, 'rhe disposition of the foumkation slnh and footings 


is clearly sliown by Tip. sio. 

This slab is strongly reinforced by round steel bars of 
suitable diameter, hid both longitudinally and transsersely 
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near the top and bottom surfaecs of the concrete, so as to 
enable the construction to withstand tensile stresses vrlicrc- 
c%cr such may be dc\ eloped. 
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links for the purpose of keeping the longitudinals in 
position during the concreting, and of enabling them and 
the concrete more effectively to resist axial and non-axial 
loads. 

174. Main and Secondary Beams. — Figs. 211, 212, 
and 213 are views taken during erection by which an excel- 
lent idea of the framed design may be obtained, and which 
illustrate the connection of the columns in the side and 
end walls by concrete-steel beams. These beams are of 
rectangular cross section, and their dimensions are as 
follow : — 


Ground floor . 

t2 in. 

wide by 20 

First floor 

10 

„ 18 

Second floor . 

9 

.. M 

Third floor 

9 

» 14 

Fourth floor 

• 9 

.♦ 14 

Roof 

9 

„ 12 


The interior and wall columns arc connected at the floors 
by transverse main beams of concrete-steel with the following 
dimensions : — 


Ground floor 
First floor 
Second floor 
Third floor 
Fourth floor 
Roof 


15 in. wide by 26 in. deep. 

12 .. 24 n 

II >, 22 „ 

II t> 23 „ 

10 I, 22 ,, 

10 „ 14 i» 


The columns and mam beams are connected longi- 
tudinally by concrete-stccl sccondar)* beams, spaced from 
5 ft. to 5 ft 0 in apart on the diflerent floors, of the 
dimensions stated below : — 


Ground floor 

. 8 in. wide by 16 in. deep. 

First floor . 

. s 

IS M 

Second floor 

- 7 •• 

14 M 

'I'hird floor 

- 7 

14 »> 

Fourth floor 

• 5 

10 1, 

Roof. 

5 

10 „ 


'Hms ilic main and secondary beams diiidc up iMcli 




slab IS 5 in. thick, formed of plain concrete deposited on earth 
spread over the foundation slab and thoroughly rammed. 
Reinforcement was unnecessary here, because the floor is 
sufficiently supported by the solid filling beneath, and 
forms no part of the building regarded purely as a 
framed structure. 
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All the other floor slabs, as well as that of the flat roof, 
are fully reinforced. 

Owing to the ^Yeight of the machinery with which the 
building is equipped and the considerable quantities of raw 
material and finished products to be handled during the 
process of manufacture, the various floors were designed for 
the following superloads; — 


Ground floor 
First floor 
Second floor 
Third floor 
Fourth floor 


Lb per Sfyiate Ft. 
S40 

• 456 

• 336 

• 336 

• 336 


In spite of these exceptionally heavy loads the floor slabs 
are of very moderate thickness, ranging from 5 in. in the 
ground floor, 4^: m. in the first floor, to 4 in. in the second, 
third, and fourth floors. 

As indicated in Fig. 210, none of the spans between the 
mam and secondary beams is longer than 18 ft. or wider 
than 5 ft., and as the slab of each floor extends over the 
entire area of nearly 8,000 sq. ft. it acts in a manner 
analogous to a continuous beam, and is reinforced 
accordingly. 

The principle underlying this type of design sufficiently 
.accounts for the comparative lightness of the construction, 
and the fact that the entire slab of e.ach floor virtually 
constitutes a compression flange common to all the sup- 
porting beams accounts in a large measure for its great 
strength and rigidity. 

The flat roof resembles the floors in general design, but 
as the lo-ad to be earned is comparatively small the slab is 
only in. thick .\Itliough the concrete is of such quality 
as to be capable of resisting the percolation of water, it has 
been thought desirable as an .addition.'il safeguard to cover 
the upper surface with a lajer of asphalt 

176. Walls. — Owing to the fact that the floor and 
roof loads of the entire building, and the dead weight of 
the structure itself, arc transmitter! from member to 
member until they reach the m.am columns, and are 
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transmitted thence directly to the foundations, the exterior 
walls have no duties to perfonn be)ond those of affording 


ting Construction of Wall Co 
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thought desirable, and the actual thickness adopted is 
governed by the nature of the work to be conducted 
rather than by structural considerations. In this particular 
example it has been thought desirable to make the walls 
12 in. thick, but from a structural standpoint they could 



Fig. 214. — Plan of Floor Panel Tcstetl. 


just as well have been 6 in. or even 2 in. thick, or 
omitted altogether, as in the case of the north front of 
the Transit Sheds at M.anchester Docks (see Article ij). 

As illustrated in Fig. 210, the walls are of uniform 
thickness from toji to bottom of the building, and are 
continued for a height of 4 ft. 9 in. above tlie surface of 
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the roof, thus forming a parapet permitting t!ie top of the 
fourth storey to be used, if occasion should demand, as 
an additional floor. 



177. Floor Tests. — In September 1906 two tests were 
made upon a panel of the ground floor before the mstallation 
of the machinery 
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and transverse reinforcement of the foundation beams 
really forms a series of eight rectangular frames of great 
strength, all being connected together in such manner that 
they constitute a single structure strongly but not rigidly 
connected, the quality of rigidity being contributed by the 
concrete surrounding the steel network. 

l8l. Walls. — The front and back walls of the building 
have the uniform thickness of lo centimetres, the transverse 
walls being 8 centimetres thick. The walls are stiffened 
by horizontal beams projecting as ribs, 28 centimetres 
wide by 20 centimetres deep, on the inside of each silo 
(see Fig. 217). These beams are spaced at vertical 
distances of about 1 40 metres .apart, and are certainly 
well adapted to the purpose of strengthening the wall 
construction. 

In the case of the transverse walls two sets of reinforcement 
are employed, one for resisting tension on the inner side 
of the wall panels, and the other for resisting tension on 
the outer sides. In the front and back walls, and the 
end walls of the range, only one set of reinforcement is 
necessary, because pressure is exerted upon these walls only 
in an outward direction. 

The horizontal beams have double reinforcement, so 
that they may be capable of withshinding stress induced 
by inward or outward pressure. Further, for the sake of 
ensuring ample rigidity to the whole construction the 
duplication of the reinforcement is extended to all the 
wall beams, whether subject to alternations of stress or 
not. 

In the construction of the wall panels between the 
vertical and horizontal members the reinforcement takes 
the form of a close network of steel rods embedded in the 
concrete, as partly shown in the left hand drawing of 
Fig. 317. 


SCREEN EOR COAL BUNKERS, RAINUAM. 

182. General Description. — Figs. 218 and 219 con- 
tain details of the coal bunker screen, 93 ft. 6 in. long, 
built in accordance with the Coignet system at the new 



FLOUR iMILL AND GRANARV 
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works of Messrs. J. C. & J. Field at Rainham. The 
bunkers are situated in the boiler-house, shown in Fig. 200, 
p. 234, and extend from end to end of the building between 
the outer wall and the boilers. 

Fig. 219 IS a section illustrating the general construction 
of the concrete-steel screen, the principal reinforcing bars 
of which are bolted to the web of a rolled steel girder 
carried along the upper edge of the bunker. 



In Fig 2 i 8 details O, P, and Q and section AB give p-ar- 
ticulars of the nbs and interrening panels ; and detail R and 
section EF show the construction of the openings through 
which coal is delivered to the boiler-house. 

Fl.OUn MILL AND GRANARY, SWANSEA 

183. General Particulars. — Fig. 220 is a pliotograpli 
of the flour mill and granary built in Sw.insea for Messrs. 
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^\'cavcr A' Co , from the designs of Mr. H. C. Portsmouth, 
M.S A. As the found^itlons rest upon a h)cr of sand 
brought as ballast for ships and deposited on the *oft mud 
forming the bed of the Snansca Riser, a general slali of 
concrete steel was established to provide for the stability 
of the buildings, which are constructed throughout in 
accordance with the Ucnnchique s)stcni. 

184. Description of Mill.— 'ITit flour mill is So fi. 
long b) 40 ft. wide lij' ti2 ft high measured from founda 
lion Icvtl to the top of die roof, which his solid jurajxt 
walls fonverting it into a water lanV with the ‘for.irc 
<jna< itv of about ao.coo rallnns 
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FLOUR MILL AND GRAXARV 





•• — Setiions of Granan-. 
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S in. above ground level. This is used for cleaning grain. 
The granary contains one hundred separate compartments, 
or silos, each provided with a hopper at the bottom for the 
discharge of grain, the average storage capacity of each 
compartment being about 70 tons, giving a total capacity 
of 7,000 tons. 

The thickness of the external walls is 12 in. at the bottom 
and 4 in. at the top, the interior divisions forming the 
separate compartments are 5! in. thick up to the Ie\el of 
the hoppers and 3 in. thick above. A view of the building 
during construction will be found in Fig. 223. 

187. Test. — After completion of the work a test was 
made, in the presence of the architect, by gauging one com- 
partment when all the surrounding compartments were 
empty. The hatter were then filled «ith grain, and on the 
dimensions of the centre compartment being again t.iken, 
at three points, 1 7 ft., 34 ft., .and 61 ft. respectively, 
from the top, no deviation from the first dimensions was 
observed. 

expanded metal silos 

188. Method of Construction.— In the construction 
of storage bins intended! for the reception of coal, gram, or 
other materials, e.xpanded metal can be used with consider- 
able advantage. The absolute connection of the strands 
forming the mesh ensures continuity of the reinforcement, 
and the comparathely small dimensions of the mesh give a 
satisfactory guarantee that resistance to tension will be amply 
provided in every part of the concrete. 

The walls of the storage compartments are built of 
concrete having continuous sheets of expanded metal em- 
bedded near each surface so as to prov’ide for wiihstandmg 
tensile stresses, whether the adjoining compartments he 
empty or full, and the two layers of reinforcement are con- 
nected by ties formed of diameter steel rods spaced 1 ff. 

6 in. apart vertically and horizontally, the ends of the rods 
being bent over to form hooks, which are p.i5sed througli 
the meshes of the metal Figs. 224 and 225 iffustrate 
the system of construction followed by the New Expanded 
Metal Co., of Westminster. 
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As shown in the drawings, ordinary rolled steel sections 
are used only in the constraction of the hopper and the 
outlet. Apart from the T-bars forming the angular frame- 
work, the hopper is built of concrete with expanded metal 
near the outer surface, only one layer being required in this 
case, owing to the fact that the pressure is always exerted 
in an outward direction. 



I'o ensure the rigidity of a connected ^erll•s of silos of 
this type, concrete columns are provided at the corners of ihe 
diiTerent compartments, as indicated in Fig and the 
diwsion Walls arc securely bonded with iht columns tij 
means of strips of expanded metal, about 4 ti long b> 5 m. 
wide, laid fiat at the intersections of the walls and cro'sirg 
the columns in each direction. 



264 CONCRETE.STEEL BUILDINGS 


8 in. above ground level. This is used for cleaning grain. 
The granary contains one hundred separate compartments, 
or silos, each provided \rith a hopper at the bottom for the 
discharge of gram, the average storage capacity of each 
compartment being about 70 tons, giving a total capacity 
of 7,000 tons. 

Il’he thickness of the external walls is 12 in. at the bottom 
and 4 in. at the top; the interior divisions forming the 
separate compartments are 5^ in. thick up to the le\el of 
the hoppers and 3 in. thick above. A view of the building 
during construction will be found in Fig. 223. 

187. Test.^ — After completion of the work a test was 
made, in the presence of the architect, by gauging one com* 
partment when all the surrounding compartments were 
empty. The latter were then filled with grain, and on the 
dimensions of the centre compartment being again t.aken, 
at three points, 17 ft., 34 ft., and 61 ft. respectively, 
from the top, no deviation from the first dimensions was 
observed. 

EXr.VNDEO METAL SlLOS 

188. Method of Construction.— In the construction 
of storage bins intended for the reception of coal, grain, or 
other materials, e.xpanded metal can be used with consider- 
able advantage. The absolute connection of the strand-, 
forming the mesh ensures continuity of the reinforcernent, 
and the comparatively small dimensions of the mesh gi>c a 
satisfactory guarantee that resistance to tension will be amply 
provided in every part of the concrete. 

The walls of the storage compartments arc built of 
concrete h.'iving continuous sheets of expanded metal em- 
bedded near each surface so as to provide for wlihstanding 
tensile stresse.s, whether the adjoining comp.Triments be 
empty or full, and the two hijers of reinforcement are con- 
nected by tics formed of J m diameter steel ro(lss|i.ncc(l i ff. 

6 in. apart vertic.illy and horizontally, the ends of ihe rods 
being bent oier to form hooks, which are jiasscd throiipli 
the meshes of the racial Figs. 3*4 and 225 illustrate 
the system of construction followed by the New nxp.Tndcd 
Metal Co., of iVcstminsicr. 
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connecting two of the ordinary columns. Details of the 
construction will be found in Fig 232. 

Particulars relative to column moulds and moulding will 
be found in Articles 202 and 203. 
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the walls of the front block the complicated character of 
the framework made it nccessar)* to employ \arIous columns 
in special positions. 




I'm, 3JO.— Tjptcal < olumn Firtin'hU'sns 

One of these, aboic the roofor the evnUe hlocl, h su/>- 
jwrtwl by a concrete steel ptriler iS in. wide by 40 in deep 
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connecting two of the ordinary column«. Details of the 
construction will be found in llg. 23s. 

Particulars rchtisc to column moulds and moulding will 
lie found in Articles 202 and 203. 
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nre given relative to typical and special details of roof 
construction. The main roofs of the front and back build- 
ings are carried by the upper \vall beams, vhich are analogous 
to wnll-plates, and by tiro lines of beams connecting the 
tops of the interior columns at a higher level, these beams 
being equivalent to purlins. The ridge in each case is 
parallel with the axis of the building. Between the upper 
and lower horizontal beams inclined rafters of concrete-steel 
are spaced about 1 2 ft. apart, but there are no rafters between 
the upper horizontal beams and the ridge. Fig. 236 is a 



typical half-section of the construction, where it will be seen 
that the arrangement of the framework is somewhat similar 
to that of a queen-post roof. 

All the roof members are connected by a concrete steel 
slab flush with the upper surface of the rafters, and formed 
of cinder concrete mixed in the proportions of i 
Portland cement, 2J parts sand, and 5 parts anthracite 
cinder reinforced by ij-in by j-in. Kalm bars 16 in. ap.art 
centre to centre. I’o take the thrust of the upper portion 
of the roof, a horizontal rod of ^-in. diameter connects llie 
beams beneath the head of each pair of rafters. 

Large and small dormers are built between the rafters 



A ^U)l)^.K^ MOTr.l. nuii.Dixr, 
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in roH-s i»ith a 2-in. layer of concrete on the top, the 
concrete between the rows being reinforced as described in 
Article 192. 

Figs. 23S and 239 contain details of the construction. 
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The slab is built of 4-in. tiles a 2-in. lajer of concrete 

above, and is reinforced by Kahn bars in an in\ erted position 

near tlie upper surface of the concrete. The sloping roof 
slab is here supported by a longitudinal beam 10 in. wide 

by 28 in. deep connecting the nail columns. Anchor bars, 

of |-in. di.imeterand projecting 12 In., were built into the wall 

beams at inter\als of 2 ft. 8 in. apart for tlie connection of 

the roof slab. 



I JO. 241. — Tj pical Sections of Balcon) Conslruclion. 


199. Balconies.— As rnay be seen by reference to Fig, 
226, numerous balconies project from various parts of the 
buildings The floor of all the balconies are formed by canti- 
lever extensions of the mam floor slabs, projecting from 
s ft. 6 in. to 6 ft. beyond the outer wall surface. 

In the narrower balconies the slab is not stiffened by 
beams, but those of greater span receive support from canti- 
lever beams 6 in. wide by 18 in deep at intervals corre- 
spondingwith the spacing of the nail columns, and projecting 
above the floor surface as shown m Fig. 241 



Fic 242 — Part Section of Mam Stairs. 

200. Stainways. — Fig. 242 is a section illustrating the 
construction of the mam stairway. 


CHAPTER XII 


The Ren’o\im£e Hall, Likce—Chatevu d’Eau, Paris 
■—A Bank Building, Paris — Conclkt Hali, 
Strasrurg — P oruiJVR Tiikaire, Munich 

TIIF RENOMMfX HALT, I.H'OK 

212. Main Features.— This fine building was built 
entirely of concrcie-stcd by the firm MM. Perraud 
Dumas, of Brussels, from the designs of M. Paul Jaspar, 
of Liege. 

The general arrangement, the stylo and proportions of 
all the parts of the building, were specially settled by the 
architect, so as to be the most suitable for concrete-steel 
construction, and in order to use the properties of that 
material to the best {lossiblo advantage. One great object 
was to avoid employing concrete merely as an imitation 
stone, by adopting a characlerislic design indicating the 
nature of the material actually used. The success attained 
in this direction m.ay be realised by inspection of the 
interior view shown in Tig. 246.' 

213. Principal Hall.— As ni.ay be seen by Kig. 247, 
the principal hall is covered by three cupolas, each 55 ft. 
diameter, placed at a height of about 50 ft. above ground 
level. Each cupol.i forms part of a sjihcre which is con- 
tinued in haunches pierced with lights and descending to 
the corners of a circumscribed M|u.ire. The intersections 
of the spheres with ilie vertical planes passing through the 
sides of the squares arc formed hy arched ribs which 
spring from the capitals of short cjlindrica! columns. 'Phe 
I llie jurliculirs ami ilhi-tniioi)-. «>f llii-, InMliIiog In'e Uvn l.vkcn 
li\ jwrmi'.sion from the I’nKwlinjjN ul the In'litulu'ii of .Meclwnit-jl 
Engineer, fur 1005 



Tin; ui;n’Omm£i; hall, liI-gi; jgg 

cupolas are in. IhicV, and arc nude of dinVer concrete 
rcmforcCTl with cxp.indcd mcial and a latticed arraii^jcmcnt 
of steel bars. 



214. Lighting of Principal Hall.— The principal hall 
IS lighted at the sides by six semiarcular glass lights, each 
52.5 ft. diameter, framed by arched beams. The spandrils 
>9 
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Thl Rknomm^e Haul, Lilge — Chatevu d’Eau, Paris 
— A Bank Building, Paris — Concert Hali, 
Strasrurg — P ovui-AR Tiieatri, Munich 

Tin- RFNOMMhU IIAU, l.II^Gi: 

212. Main Features.— TJiis fine Inillding is.ns Iniili 
entirely of concrete steel By the firm MM.'l’crraud 5. 
Dumas, of Brussels, from the dcsiens of M. P.iul jasiuTr, 
ofLk^e. 

The general arrangement, the st)le .and proportions of 
all the parts of the building, were specially settled by the 
architect, so as to be the most suitable for concrele*steel 
construction, and in order to use the proi>ert!es of that 
material to the best possible ad\'anlage. One great object 
was to a\oid employing concrete merely as an imitation 
stone, by .adopting n chamcterisiic design indicating the 
nature of the material actually used. The success attained 
in this direction may be realised by inspection of the 
interior view shown in I'lg. 346.* 

213. Principal Hall.— .\s may be seen by Kig. 347. 
the jirincipal hall is covcrcil by three cu}>ol.as, each 55 ft. 
diameter, pbccd at a height of about 50 ft. above ground 
level. Each cupola forms part of a sphere which is con- 
tinued in haunches jnerccil with lights and descefiding to 
the corners of a cjfctimstrihed -.■ju.iTc. 'I’hc intersections 
of the sjiheres witli the virtical planes jwssing throiigli tlu* 
sides of the squires arc formed by archeil rib> whirli 
spring from the ca[)it.nK of short rylimirical colunin-s 'I'lie 

• llio lotlioul IIS an, I iiiMR. of lliii tniil'hi'.; Ii'ic Umi l.itcn 

},v iKfmisMon from llic l’nicic«tiii,:> of ihi. In-tilution of Mfcfunt>4l 
Ptii-mcsrs for Irwy 
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cupolas aie 4V in. lbick» and arc made of cimker conctete 
reinforced whh expanded metal and a latticed arrangement 
of steel bars. 



214. Lighting of Principal Hall.— Tlu* [inncipal hall 
IS lighted at the sides by six stmicinular glass lights, each 
52.3 ft. diameter, framed by arched twams. Thespandrils 
>9 




these decorations was performed in the workshop, where 
each panel was cut mto portions that n’ere afterwards 
erected in position on the site. , 

215. Novel System of Centring.— The centring of 
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the first cupola built embodied some distinctly novel features. 
In order to avoid the great expense entailed by the con- 
struction in timber of a spherical centring, a skeleton was 
built up of ironwork consisting of 16 bars, each of 
ij-inch diameter, fixed upon meridian lines like the ribs 
of an umbrella, and interlaced upon parallel horizontal 
circles by other bars of smaller diameter. The whole 
skeleton was then covered with sheets of expanded metal, 
designed to act as the first reinforcement, on which the 
concrete was aflenvards placed abox'c and below so as to 
completely surround the expanded metal, which thus acted 
as its own centring, and it was merely necessarj to render 
the surface up to the required thickness. It was intended 
that the bars of the skeleton should be similarly used for 
the other cupolas, and finally for reinforcing the beams. 

Unfortunately, this s>stem of centring was found to be 
wanting in rigidity, and it was necessary after all to make 
use of timber. 

216, Terrace Roof. — The roof of the galleries and 
the spherical triangles between the cupolas form a terrace 
of 957 square yards area, which serxes as a promenade. 
The concrete of the cupolas and the terraces is covered 
by a layer of ruberoid as an additional precaution against 
the penetration of moisture 

In spite of the complete absence of ornamental mouldings, 
which were left out to facilitate the centring, the hall is 
of most elegant appearance, and reflects much credit upon 
the architect and contractors alike 

CHATEAU O’eAU, PARIS 

217. Main Features. — The Chateau d’Eau at the 
Paris Exposition of 1900 may be mentioned as a re- 
markable example of construction on the Coignet system 
That part of the structure which excited more attention 
than any other was the great alcove forming the principal 
facade. The alcove, of which Fig. 248 is a view, measured 
45 metres high by 25 metres wide over all, and was supported 
upon a series of concrete-steel curved walls only 10 centi- 
metres thick, carried by the reinforced construction of the 
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galleries and staircases in the lower part of the building. 
The semicircular wall forming the lower portion of the 
interior of the alcove was also only 10 centimetres 
thick, but provided %Tith vertical stiffening ribs 20 centi- 
metres square. The upper portion of the alcove was 
composed of arched ribs covered by a concrete-steel slab 
6 centimetres thick. The outer face consisted of two 



Fic. 24S — Chateau dTau, Taris. 


concentric semicircular arched ribs connected by bracing 
and faced with reinforced concrete. 

A RANK BUII.DINC, PARIS 

218. General Constn'r*-*''^ 
extenor of the Banque des 
by M. Edmond Coignet- 

ing is given in Fig. 250 , where the reader will see that it 





Fig 349 — r^n^ue cJcn % akur^ In(Iuslrii.\k!>, Pans. 

comply "ith customary methods of construction, the outer 
\\alls are of brick and stone, and the two lowest floors 
of brick supported on rolled steel joists. The reinforced 
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galleries and staircases in the lower part of the building. 
The semicircular wall forming the lower portion of the 
interior of the alcove was also only 10 centimetres 
thick, but provided with vertical stiffening ribs 20 centi- 
metres square. The upper portion of the alcove was 
composed of arched ribs covered by a concrete-steel slab 
6 centimetres thick. The outer face consisted of two 



concentric semicircular arched ribs connected by bracing 
and faced W’ith reinforced concrete. 

A TANK BUILDING, PARIS 

218. General Construction.— Fig. 249 represents the 
exterior of the Banque des Valeurs Industrielles, Paris, built 
by M Edmond Coignet. A transverse section of the build- 
ing is given in Fig. 250, where the reader will see that it 
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comprises nine store) s in all, including the basement and 
sub-basement. Owing to the desire of the architect to 
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concrete work commences at the ground floor, and includes 
the interior columns, beams, floors, and roof. 

219. Floors and Roofl — Fig. 251 is a perspective, 
and Fig. 252 is a section, illustrating the construction of a 



l !■ 250 Irin*cr»t '*ccti ■n. 


Coignct floor beam .ind sbb 1 he reinforcing lars in ih'' 
tension arc-i of the l>cam herr represented arc 2 ccntinictres 
in diameter, and the birs in the (oniprc'sion are.i ha'e a 
diameter of 1.3 centimetres. Ilic strtnal »tirru|is. form'll 
of round tckIs, are round the horuontal lar*. and 

arc intended to rn'i't ^heating stresw 




A BANK BUILDING, PARIS igS 

In this example the floor slab is reinforced by bars 
perpendicular to the reinforcement of the beam, and by 
transverse rods for the purpose of distributing the stresses 
over these in a uniform manner. The points at which the 
various bars and rods cross are securely connected by a 
binding of annealed wire, and the whole of the reinforce- 
ment is firmly held together by the surrounding concrete. 
In this way a complete netuork is formed capable of 
resisting stress in e\ery direction. It will be seen that 
the single bars forming the reinforcement of the floor slab 



are raised so as to pass o%er the upper reinforcement 
of the beam, instead of being earned straight through. 
This arrangement is veO’ desirable m floor slabs where 
single reinforcement is cmplo>ed, for the reason that 
continuous-girder action is always evidenced to some 
extent, and by bending up the ends of bars terminating 
in beams, or by bending up bars running across beams, 
as in the present case, the requisite resistance is offered 
to tensile stress developed in those parts of the upper area 
lying between the abutment and the points of contrary 
flexure. The bars in the floor slab running parallel to the 
main reinforcement of the beam are also bent up at any 
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places where they may hare to cross floor joists. Floors 
of this type were employed for spans not exceeding 12 ft. 



Fic. 252. 


and for loads of not more than 56 lb. per sq. ft. The 
thickness of the floor slabs varies according to require- 
ments from 5 centimetres to 20 centimetres. 




1 ^ 

Fig 253. 

In some parts of the building rvhere the spans were 
considerable the floor slabs were made with double 



reinforcement. Figs. 253 and 254 include sections of floor 
slabs with double reinforcement. 

In some of the longest spans the floor be.ims were pro- 




!• ICS. 256 — Column Footing. 
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purpose of ensuring even distribution of stress over these 
bars short transverse rods were fixed (see Fig. 254). 

Figs. 255 and 256 are drawing illustrating the rein- 
forcement in the columns and column footings. 

All the roofing system of the building is m concrete-steel, 
designed in a manner practically the same as that followed 
in the case of the floor slabs. The flat top of the roof 
is supported in part by columns, and to prevent the 
admission of moisture the whole of the roof was covered 
by a layer of waterproof material placed over the concrete. 

CONCERl HALL, STRASUURG 

220. Main Features. — This fine building contains a 
grand concert hall, caf^ restaurant, and club. 

It covers a triangular site, with the area of nearly 1,700 
square metres. The architects were Messrs. Kuder S: 
Muller, and the building contractor Mas Mr. E. Zublin, 
licensee under the Hennebique patents. Some idea of 
the accommodation provided 'vill be obtained by inspection 
of Figs. 257 and 25S, the former being .a longitudinal section 
and the latter a half plan at first floor level. 

The grand concert hall (grosser konrerlsaal) is bounded 
on one side by the outer wall of the building and on the 
three other sides by the various departments mentioned 
above. The two principal facades are on Phalsburgstrasse 
and Jullianslrasse, the angle at the junction of these two 
streets being occupied by a polygonal tower. The main 
entrance is in Jullianstrasse, and comprises three large ba)s 
giving access to a sp.acious \estibule. Mherc the booking 
and pay offices arc situated, and thence to a h.ill providing 
accommodation for cloakrooms and extending o\er the 
whole area beneath the concert hall (see Fig. 257)- A 
garden, M-here concerts are gi\cn, is in communication 
with the ground floor of the building. At the end of liie 
lower hall are the kitchens (hauptkuchc and gemusekuche) 
and scullery (aufwaschknehe), service room (anrichtc) of 
the cafd and reswurant, the latter establishment facing 
Ph.alsburgstrasse. The kitchens also [irovide for tlw 
requirements of a laige restaurant and refreshment bvmct 




Fig. 257.— Longitudinal Section, Concert HalJ, Strasburg. 
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being gradually broken down, and architects are beginning 
to realise that concrete-steel members need no longer be 
hidden, providing their exterior surfaces receive appropriate 
decorative treatment. 

Thus in the concert hall of Strasburg the beams which 
constitute the ribs of the floors are plainly revealed, and 
form ribbed ceilings of entirely satisfactory appearance. 
Similarly, the galleries projecting boldly from their supports 
are sustained simply by light and graceful cantilevers, the 
form of which is not disguised I'n any way. 

222. ZUblin Floor Panels.— Fig. 260 shows the con- 
struction of the floor, in hollo^v panels on the Ziiblin 
system, which constitutes the ceiling of the foyer, and is 
prolonged to form one of the b.nlconies on the facade of the 
building. 

223. Floor Loads and Tests.— The floors were 
calculated for a superload of 400 kilogrammes per square 
metre. Selected parts of the construction of diflerent sp.ans 
were tested on completion of the work by loads varying 
from 400 to 500 kilogrammes per square metre, with the 
result that the deflection was found to be very small, and 
nowhere reached the amount of 2 millimetres. 

rOPUl.AR IHEATRF, MUNICH 

224. General Description. — Upon the site of the former 
building in the Josefspilalstr.asse, Munich, a new thc.ilrc 
has been erected from the designs of Mr. Charles Titlrich, 
by Messrs. Tank Brothers, licensees under the IJenrtc- 
bique patents. The old theatre w-as condemned on account 
of the serious risks to which audiences were exposed by 
inadequate protection against fire, .and by insufllcicncy of 
the corridors and exits for tleanng the house. 

With the object of presiding .ndcriiiately for the safety of 
the public the front portion of the building w.is separated 
from the houses on either side The main entrance on the 
street facade affords access 10 the vestibule and box ofllce, 
while the auditorium and the stage are situated in the 
space behind. A block plan of the building is ghen in 
Fjg. 361, and a longitudinal section in Fig. 262. 
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Tor reasons conncrtctl wich die posftion and consfrucfion 
of llic adjoining |ifopcrl)*, it na? not possildc to carr)- the 



tio 262. — Longitwliiutl Section 
Hew Popular Theatre, Munich 

theatre to any great height. The auditorium contains 
merely a parterre and two balconies, 

20 
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being gradually broken down, and architects are beginning 
to realise that concrete-steel members need no longer be 
hidden, providing their exterior surfaces receive appropriate 
decorative treatment. 

Thus in the concert hall of Strasburg the beams which 
constitute the ribs of the floors are plainly revealed, and 
form ribbed ceilings of entirely satisfactory appearance. 
Similarly, the galleries projecting boldly from their supports 
are sustained simply by light and graceful cantilevers, the 
form of which is not disguised in any way. 

222. ZUblin Floor Panels. — Fig. 260 shows the con- 
struction of the floor, in hollow panels on the Zublin 
system, which constitutes the ceiling of the foyer, and is 
prolonged to form one of the balconies on the fa?ade of the 
building. 

223. Floor Loads and Tests. — The floors were 
calculated for a superload of 400 kilogrammes per square 
metre. Selected parts of the construction of different spans 
were tested on completion of the work by loads varying 
from 400 to 500 kilogrammes per square rnetre, with the 
result that the deflection was found to be very small, and 
nowhere reached the amount of 2 millimetres. 

POPULAR THEATRE, MUNICH 

224. General Description. — Upon the site of the former 
building in the Josefspitalstrasse, Munich, a new’ theatre 
has been erected from the designs of Mr. Charles Tittrich, 
by Messrs. Tank Brothers, licensees under the Henne- 
btque patents. The old theatre w’as condemned on account 
of the serious risks to which .audiences were exposed by 
inadequate protection .against fire, and by insufficiency of 
the corridors and exits for clearing the house. 

With the object of providing adequately for the safety of 
the public the front portion of the building was separated 
from the houses on either side The mam entrance on the 
street fafade affords access to the vestibule and box_ office, 
while the auditorium and the stage are situated in the 
space behind. A block plan of the building is given in 
Fig. 261, and a longitudinal section in Fig. sOs. 
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Tor rca'Jonsronncricd with llic posuion and construction 
of the adjoining property-, it n-a» not posciWc to carr)' the 



riR 262 —Longitudinal Section 
New Poputar Theatre, Munich. 

theatre to any great height. The auditorium contains 
merely a parterre and two lulcontes 
20 
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As the parterre is nearly at the same level as the court- 
yard outside, provision %vas easily made for the rapid 
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than the lo^^er end of the auditorium floor, which, as usual, 
slopes down towards the orchestra. 

225. Cantilever Construction. — In order to increase 
the seating accommodation as much as possible the two 
balconies were made of considerable width, and, so that no 
obstruction should be caused to the view of those occupying 
seats below, w’ere designed on the cantilever principle, 
without any support along the outer edge. 

For the realisation of this bold scheme the architect has 
recourse to the Hennebique fcrro-concrcte system of con- 
struction, which enabled him to utilise to the utmost 
the limited height of the auditorium, to provide for the 
support of maximum loads, and to safeguard the building 
from the risk of fire. 

Figs. S63 and 264 are sectional phns which show the 
general arranf?ement of the basement, and the crescent- 
shaped balconies of the auditorium. The chief support of 
the first balcony is afibrded by a beam 12.20 metres Jong, 
supported by the division walls of the parterre. The upper 
balcony is carried by two pairs of beams 1 1 metres and 
7 metres long respectively, placed dmgonally, by two beams 
9 metres long parallel with the axis of the building, and one 
beam perpendicular to the same axis, as shown in Fig. 2C14. 
These si.x beams arc connected by other members to form 
a framework for the support of the b-alcony. 

It should here be obseiwcd that some of the beams arc of 
vcr>' shallow depth, this being necessitated by the limited 
headroom between the diflercnl floors. I’hus in view of 
the fact that the span of the beams carrj’ing the first balcony 
is 12.20 metres, the depth of these members sliould lui'c 
been fully i metre, but in order to avoid interference with 
the view of those who occupy standing room at this part of 
the theatre the depth was limited to 40 centimetres. I his 
naturally involved the cniploynicni of a niucli birger pro- 
portion of steel in the concrete than is usual. 

The beams supporimg the balcony above were designed 
under somewhat more favourable conditions. Still, ic was 
necessary to reduce their depth below that which is usual 
for the spans involved. Typical details of the column .and 
beam construction will be found in I'igs. 265 and 366. 






310 


CONCRETE-STEEL BUILDINGS 


226. Beam Supports. — ^The disposition of the beams 
mentioned had the effect of concentrating weight at several 
points on the walls of the theatre. As the loads involved 
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greater stresses than the walls were capable of taking with 
safety, and as the venhlating engineer required numerous 


which also serve to support the floor of the parterre. Con- 
sequently the walls affected were built in some places so 
as to be capable of supporting loads, and in others merely 
as partitions. The columns were continued down into the 
basement of the building, and supported on concrete-steel 
footings. 

In the upper surface of the balcony floor slabs, strips of 
timber were introduced during the moulding of the con- 
crete, to which the treads of the steps were afterwards 
nailed. Outside the auditorium all the horizontal construc- 
tion, and notably that of the ceilings, roofs, and terraces is in 
concrete-steel. 

227. Ceiling. — The under surface of the balconies is 
provided with a false ceiling for the double purpose of 
hiding the projecting ribs and of improving the acoustic 
properties of the theatre, the space between the two surfaces 
being useful also for the extraction of \iti.nted air. 

228. Results of Test. — Notwithstanding the minimum 
beam dimensions adopted, the construction gase extremely 
satisfactory results when tested m the presence of the 
municipal authorities After the lower bait on) had been 
subjected to a load of 800 kilogrammes per square metre 
— double the calculated superload — the 1 2 20 metre 
beam exhibited a deflection of only i 2 millimetre, or 
about Tffainr ^he span. The beams of the upper balcony 
showed no perceptible deformation after h.n ing been 
subjected to a double load for several da}s 

One remarkable feature in connection with this building 
was the short space of time occupied m erection. The 
foundations were commenced about May 15, r903 ; the 
concrete-steel work was begun by June 10, and finished 
about September 15 of the same jear. 



CHAPTER XIII 


The Ingalls Building, Cincinnati — Lion Chambers, 
Glasgow — General Post Office Buildings, London, 

229. Main Features. — ^The structure here considered 
is known as the Ingalls Building, and occupies a site cover- 
ing an area of 100 ft. by 50 ft. 6 in., at the corner of Vine 
Street and Fourth Street, Cincinnati, U.S.A. It is built 


material mentioned. The general design and the detail 
drawings ^^ere prepared by the architects, Messrs. Elzner 
iS: Anderson, of Cincinnati, and the details of the concrete 
construction — which e.YcnipJifies the Hansome syslem — b)’ 
the engineer to the Ferro*Concrete Construction Company, 

The building comprises sixteen storeys apart from the 
b.Tsement and sub-basement. The distance from floor to 
floor of the principal storeys is shown in Fig. 267, and it 
may be added that each storey between the second and 
fifteenth floors has the uniform height of 12 ft. 6 in. The 
height of the building from pavement level to the cornice is 
210 ft. A particularly noteworthy fact is that the employ- 
ment of concrete-steel floors permitted a reduction of height 
equal to I ft. for each floor, as compared with the height 
that would have been necessary if floors with a framework 
of steel girders had been adopted. 

This meant a total saving in the height of 16 ft., and, 
taking into account the reduced amount of malenal for 
walls and interior fittings, it represented a very considerable 
economy. The cubic measurement sased was 16x100 
X 50.5 « So, 800 cubic ft , uliich even at the low rate of 6d. 
per cubic foot is equal to more than ^2,000. 
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230. Wall Foundations. — ^The building stands upon 
a stratum of firm gravel and sand, and has extended footings 
for the tt-alls and columns (see Fig. 268), these footings 
being situated a little below the level of the basement floors. 

After the site had been deared the walls of the adjoining 
premises were shored, and in some places underpinned with 
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rubble masonry «edged underneath the old walls and 
thoroughly grouted. 

The old party wall on the eastern side of the building — 
at the top of Fig r6S — had a concrete footing 2 ft. below 
the present basement floor le\el, but as the new column 
bases were to be placed some 6 ft. lower the wall was 
underpinned and a new footing constructed suitable for the 
load of 9 tons jicr linear foot. 
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The wall at the northern end of the site— at the left hand 
of the plan — belonged entirely to the owners of the adjoining 
property, and above the present basement level was carried 
by columns built into the masonry at intervals of about i6 
ft. This wall was supported on needle beams during the 
removal of the old and the building of the new footings, 
the latter being situated about 12 ft, lower than the original 
depth. 

Upon the new footings a si-in. limestone wall was built, 
surmounted by two r8-in. I-beams for distribution of the 



column loads. All other loads about the building are 
transmitted by columns, which arc described in Articles 535 
and 236. 

231. Basement Construction.— For the purpose of 
fiermitting the ulihs.ilion of sjwce beneath the street pave- 
ments, concrete-steel retaining walls were built below the 
curbs in Fourth and Vine Streets, ns indicated m Fig. sfiS. 
Along Fourth Street, .and as far as column No. 18 in Vine 
Street, the wall is 14 ft. high by 8 in. thick, and has a 
fooling 2 ft. wide. 

The concrete is reinforced by | in »erliral and J-in. con- 
tinuous horizontal bars, as m Fig. 269, and at inten-ah bv 
counterforts of concrete, from the ufijier ends of whirti 
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horizontal conactc steel 'iruts forming girders for the 
pavement construction, arc carried tack to the main columns 

At the comers of the building Use retaining walls arc 
I'Ondcd by anchor liolts attached to the sertical reinforce- 
ment and embedded in the concrete. Hetw cen column No. 
iS in Vine Street and the north end of the building the 
retaining wall is si ft high b) S4 in thick at the base, 
tapering to S in. thick at the top. The footing of this wall 
projects in. on the outer side and 6 ft. 6 in. on the 
inner side. 

After the construction of the retaining walls they were 



supported temporally by shores until the columns and girders 
had been built. 

As the street foot pasement practic.ally forms part of the 
building It was laid by the contractors. It consists of 
t6 ft. by 8 ft. concrete-steel slabs 4^ in. thick, and is 
monolithic with the horizontal girders or struts between 
the retaining wall and the columns 
Two intersecting senes of J-in. diameter steel bars form 
the reinforcement of the pasing, these bars overlapping 
21 in. at all uprights and angles 
The slabs were finished with a layer of mortar consisting 
of one part of Portland cement and one and a half parts of 
granite screenings, the upper surface being trowelled smooth 
and divided into 4-ft. squares by V-shaped grooves filled 
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length, so that they extended a few inches above the floors, 
and the next lengths were added as the work proceeded. 
In the storeys above, the bars were of sufficient length to 
extend through two floors, the jointing in each case being 
performed with pipe sleeves and cement grout. 

The essential purpose of the round bars is to resist 
direct compression, but in addition each column has from 
four to ten twisted bars of square cross section to resist 
tension due to flexure arising from wind pressure. The 
column in Fig. 273 has ten twisted bars, placed i in. from 
the surface of the concrete, these bars being joined 
together at the middle of each storey svith splices formed 
of |-in. twisted bars wrapped with wire. 

In addition to vertical reinforcement the round com- 
pression bars are connected by three sets of transverse ties 
in the height of each storey, to prevent any tendency to 
outward buckling, and to add to the shearing strength of 
the columns. 

The twisted wind bars are also tied transxerscly by hoops 
of ^-in. twisted steel, as shown in Fig. 273. ']*hcsc hoops 
arc spaced at intervals of about 12 in., centre to centre, 
and secured by wire to the verticals, the ends of each hoop 
being bound with wire. 

The transverse dimensions of the various columns were 
settled in accordance with architectural requirements, and 
with the loads to be carried. The resistance of tlie cross 
sections so determined were calculated, in the first place, for 
concrete alone, and the deficiency of strength was then 
made good by the addition of round steel bars. 

Allowance was also made for strain due to shrinking of 
the concrete, which may cause sescrc initial stress in the 
steel reinforcement, and the « ross sectional area of the 
materials was adjusted so that the stresses might Lc pro- 
portional to the coctficients of clastmt) of the concrete and 
the steel. 

236. Column and Girder Connections.— On re- 
ference to Fig. 273 It will lie seen that very strong girder 
connections are formed by diagonal bracing kirs .nnd 
concrete brackets on the column at the end of the girders. 
Tlie duigonal bracing extends from the top of the girder 
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doimirard, and from ihcMttom up».ifd, ihc lower diajomls 
I'cing proJened l'> roncrcle braeVet*. wliidi not only help 
lo fix the end' of the prden, l»ot aho icr'c as additional 
wind hracinp. 


Pjsnos'st KriSioi-crvii VI |\ C'oit'Ms (nwnrinss 


(i) Two i-in. lian ft Ion?. 

(3) .. I 

(3> » ? 

( a ) .. ? 

(5) •. i 

(0) .. ; 


2J7. Arrangement of Girders and Beams. ^ 
Corresponding with the spaang of the lolumns, the mam 
girder spans arc from i6 ft. to 3,t ft centre to centre, the dear 
sp.ans of counc, being shghtly less. In the ground floor the 
main girders mcasutc eo in wide by $6 m deep . m the first 
floor, JO in. wide by 34 in. dtep, and tn the three floors 
above, jo in. wide by j; in deep. The depths stated 
include the thickness of the floor sl.ahs, whuh are 7 in. 


of the main girders represented in this section are as 
fallow : — 


On floors j to 4 

5 lo y 

„ to and 1 1 
„ I J to attic 


JO in. 

15 „ 
»7 

16 ,, 


I'ig. 276 is a section between the columns across the 
building. 

238. Girder Details. — Fig 277 gives details of 
typical girder construction, the most noticeable feature 
being the apparent preponderance of reinforcement in the 
upper part of each beam. On closer examination, how- 
ever, it w ill be seen that the upper bars only extend for a 
certain distance from each support The reason for this is 
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that owing to the ample strength and rigidity of the column 
connections the girders were justifiably considered as con- 




‘^5— Typical I,«nptiitVinal Floor Scciion. 
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tinuous beams. Under these circumstances the upper part 
of the cross section is in tension up to the point of contrary 



fle\ure, a fact accounting for the arrangement of the 
rtinforccmeiil illustrated in Fig. 277 
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In addition to the horizontal reinforcement shown, all 
the girders are amply pro\ided with vertical reinforcement, 
consisting of U-shaped stirrups of twisted steel bars for 
resisting shear, every alternate stirrup being inverted. 
These stirrups are placed at different distances .apart, in 
accordance with the progressive diminution of shearing 
stress towards the middle of the girder. 

The following table gives particulars of the horizontal 
and diagonal reinforcement in the girders represented in 
Fig. 277, the letters in this table corresponding with those 
in the sections . — 

Horizontal Reinforckment in Girders. 


(") 

Four 

1 

in. bars to ft. Ion 

w 

Two I 

*3 .. 

(') 

» t 


.. 34 M 

('0 



.. 34 .. 

(') 

„ 


7 .. 

(/) 

•> 


10 „ 

U) 

„ t. 


»i 1 1 1 ,, 

w 

„ » 


>* 34 n 

(0 



» 14 .. 

0 ) 

1 


.. 1* 

w 

u 


« 7 

(0 

u I 


13 •> 

(m) 

,, I 


.. tb 


Stirrups in Girders at Lkit Hand 

(.v) Four i-in. U-bars 5 ft. 4 in. long. 

. (v) Ten i „ 5 11 4 »i 

U‘) Fourteen J „ 7 ^ 

Stirrups in Girder at Riom Hani>. 

Ten i-in. U bars 4 ft 4I in. long. 

230. Ceilings. — As a general rule the midyr |ur« of 
the Jloor girders are not co%-ercd, but in the corridors of the. 
building a ceiling is fornitd, the sjiace bclHccn llie ceiling’' 



TUI-: INGALLS IlUILDINC, CINCINNATI 


and Uic iloor bUlib being uH-d as air ducts in connection 
irith the sjsfcni of \cntil 3 fton 

240. Floor Slabs, — 'Flic floor slabs arc reinforced by 
series of twisted bats htd longUudmaU) and tiansscrsulj, 
the bars being held m |X)sition by the surrounding concrete. 
Each of the Urger floor jiancls, nieasunng 3: ft. b) 16 ft., 
is subdi\ided into two p.ineb, each lO ft. siiuare, by an 
intermediate girder (sec I’lg 274) Tig-* 275 and 276 arc 
l)‘pical sections of the floor construe tion In calculating 
the proportions of the remforctment the panels were 
treated as slabs, su(»porlcd along each of the four sides 



All the floor slabs are monolithic with the walls, columns, 
and girders, the calculated Ine loads being 200 lb. per sq. 
ft. for the ground floor, 80 lb per sq ft. for the first floor, 
and 60 Ib. per sq. ft. for the remainder of the floors. 

241. Walls. — Fig. z^^ IS a part elevation on the Vine 
Street frontage, from ground les-el to the fourth floor, and a 
section of the outer wall The Tcrtical bars a e.xtending 
through two floors are J in. square and 27 ft. long, the ends 
being jointed close to the floor line These bars are about 
2 in. away from the window openings. The sertical bars b 
form wind reinforcement, the joints being made half-way up 
each storey. The boruontal reinforcement c consists of 



Fig. 279'— Details of Wall Construction. 
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pairs of J-in. twisted steel bars set side by side near each 
face of the wall, and aliout ij in. abosc the top and bottom 
edges of tlic window openings. TIic bars arc 27 ft. long, 
and their ends are o\crbpp«l 31 in. at all joints, the o\cr- 
lapped ends being bound with wire when the joints come 
liclwecn the columns. In the ground floor and first 
storeys the. cvtcrior window and door frames arc of cast 
iron. Although the walls arc built throughout of con 
crete-steel, they arc faced eMcrnally with 4^ m. marble 
slabs up to tbe third floor, and alwtc that the facing is 
of glared bnek with terra-cotta mouldings. Tlic marble 
work IS attached to the concrete by means of horizontal 
grootes cut in the back surface of the blocks and engaging 
proj’ecting ribs formed on the outer surface of the concrete, 
.as shown in Fig. 379. Anchors formed of thm wrought* 
iron rods are also employed for holding the marble in 
position, the metal being embedded in the concrete. 

‘rhe l>ottom course of the brick facing is laid upon a 
ledge formed in the concrete, and the brickwork is secured 
by numerous anchors of the same kind embedded m the 
concrete. 

The terra<otta used m «onjun< non with the brick facing 
is secured by means of grooicd joints similar to those 
adopted for the marble fating. 

Irrespectise of the marble and brick fanng, the outer 
walls of the building are onl> 8 in thick, and the party 
walls arc not more than 4 m. thick 

The concrete of the walls is reinforced throughout with 
\ertical and horizontal bats of twisted steel 

242. Partitions.— Partitions duiding up the different 
storejs into oflices and other rooms were built of hollow 
“Mackolite” blocks, and the ceiling cornices were formed 
by metal strips, wire netting, and plaster. Apart from 
doors, windows, and similar interior fittings, these are 
practically the only portions of the building not constructed 
of concrete-steel. 

243. Roof — As indicated in Fig. 267, the roof is fiat, 
and Its construction generally resembles that of the floors. 
The upper surface of the concrete slab is covered witli thick 
sheets of roofing felt jomted with tar, and over this is a i^-in. 
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pairs of i-in. twisted steel bars set side by side near each 
face of the wall, and about i| m. above the top and bottom 
edges of the window openings. The bars are 27 ft. long, 
and their ends are overlapp^ 21 in. at all joints, the over- 
lapped ends being bound with wire when the joints come 
between the columns. In the ground floor and first 
storeys the. exterior window and door frames are of cast 
iron. Although the walls are built throughout of con- 
crete-steel, they are faced externally with 4j-tn. marble 
slabs up to the third floor, and above that the facing is 
of glazed brick with terra-cotta mouldings. The marble 
work is attached to the concrete by means of horizontal 
grooves cut in the back surface of the blocks and engaging 
projecting ribs formed on the outer surface of the concrete, 
as shown in Fig. 279. Anchors formed of thin wrought- 
iron rods are also employed for holding the marble in 
position, the metal being embedded m the concrete, 

The bottom course of the brick facing is laid upon a 
ledge formed in the concrete, and the brickwork is secured 
by numerous anchors of the same kind embedded in the 
concrete. 

The terra-cotta used in conjunction with the brick facing 
IS secured by means of grooved joints similar to those 
adopted for the marble facing 

Irrespective of the marble and iiritk fac mg, the outer 
walls of the building are only 8 m thick, and the party 
walls are not more than 4 m. thick. 

The concrete of the walls is reinforced throughout with 
vertical and horizontal bars of twisted steel 

242. Partitions. — Partitions dividing up the different 
storejs into oflices and other rooms were built of hollo" 
“Mackolite” blocks, and the ceiling cornices were formed 
by metal strips, wire netting, and plaster. Apart from 
doors, windows, and similar interior fittings, the'^e are 
practically the only portions of the building not constructed 
of concrete-steel. 

243. Roof.— As indicated in I'lg. 267, the roof is flat, 
and Its construction generally resembles that of the floors. 
'I'he upper surface of live concrete sla\» vs covered with thick 
sheets of roofing felt jointed with tar, and over this is a ij-in 
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245. Pipe and other Conduits. — Metal sleeves and 
boxes in the walls and floors for pipes and electric ^Yires 
were placed in predeternained positions as the work pro- 


ting Cuncrete Plant ami Stoi 
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layer of concrete, faced with neat cement finished smooth 
and divided into squares by V-shaped grooves filled with 
asphalt, the same as in the case of the street pavement. 
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tinucd until the completion of the entire floor, to a\oid an} 
break of continuity. After having been deposited the 
concrete was rammed and the surface dressed smooth and 
true by straight-edge and level. The girder moulds were 
filled at the same time as the floor moulds. 

257. Mouldingf Walls. — For the convenience of the 
men engaged in building the wall moulds, m ramming the 
concrete, and in tapping the outside of the moulds to assist 
the concrete to fill all spaces, a tempor.nry balcony was 
constructed round the budding at each storey. These 
balconies were fixed at one end by projecting beams 
anchored down inside the building, and supported at the 
free end by diagonal struts bearing against the outer wall. 

Tarpauline sheeting was hung below the balcony to catch 
any drippings from the wet concrete, and thus to protect 
the marble facing and the men working below. 

258. Staff of Workmen. — For dealing with the 
concrete, a staff of twenty-eight men was engaged, made up 
as follows t — 

Wheeling cement, sand, and stone 9 

Attending to miver and hoist 1 

Attending to hoist on upper floor a 

Wheeling concrete on upper floor 4 

HcpO'iling .and ramming conertte on up|>vr 

floor ij 


Total aS 

Including carpenters and other mechanics, si\tj men in 
•nil were cmplojed in the evccution of the building contract. 

iiov citAMriRs ot-.v’=cow 

257 General Description. — Tbe oflice building of 
which particulars arc herepnen is known as IJon Chambers, 
and IS situated at the comer of Hope Street and I’atli I Jne, 
Gb'gow. .Ap-irt from projecting hajs, the structure exu- 
pics an area of 46 ft. by 55ft, and rives to the mavimum 
height of 9S ft. S in alwve pavement level, or icy ft. j in. 
'he lewl of the basement flon'. 
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corresponding set of moulds was taken down and re-creclcd 
for the concreting of the storey above the lop set of moulds. 
This process was repeated until the entire building was 
completed. 

The moulds were kept in position for about fourteen da)' 
after the concrete had set, and when they were remo^cd 
intermediate support was given to the main girders by 
means of vertical struts for a further period of about thirty 
days, so as to permit the concrete to attain ample strenj^th 

contnrtors 

we _ • ■ alf to thru' 

storeys per month. About ten days were occupietJ in erecting 
the moulds for each storey, and two days in depositing the 
concrete, the quantity being about lao cub. yds. 

255. Method of Moulding*.— By building the cuhimn' 
first, and following on with the walls, main girders, 
and floor slabs, the entire weight of the structure wi« 
carried by tlie columns, and, with llie exception of tin 
exterior balconies and a few- struts, no falseworks wert 
required for the construction of the main features of iIk 
building. It may be stated, however, that scafiblding w.i> 
used by the plasterers and other mechanics in finisliing 
interior details of the structure. 

The concrete was thoroughly stirred and worked in r 
moulds by means of steel bars or umber poles, so i' 
ensure the escape of air and the filling of all 'spaces bet"' 
the several bars of the reinforcement. 

Especial care was taken in the case of narrow c 
to fill the moulds slowly, and to stir the concrete < 
same time to prevent the formation of void' In .'ll' 
to stirring the concrete, the moulds were all strut 1 
outside with nniJlct' lo ensure the settlement of the n 
and to guard against the api»carance of voids on tin 
faces of the work. 

256. Mouldin;r Floors.- -In moulding the 
reinforcement was first baicl, wired in pillion, .mtf m' 
on cross rods so as to leave al)out 2 i” clearance ' 
the bars and the l)Ottom of the mould. 

U’hcfi thecotitTcfing hatloncelxren coninuncctl ii ' 
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The building contains eight storeys above the basement, 
the heights from centre to centre being as follows;— 


Basement 
Ground floor . 
First 

Second „ 
Third „ 
Fourth „ 
Fifth 

Sixth „ 

Seventh „ 


. lo ft. 6 in. 
• 12 „ 8 „ 



10 »• 4 Ji 

. lo ,, o „ 

. to „ o „ 

. II „ Si 


F]gs. 286 and 287 are views taken from diflerent directions 
in Hope Street, and give a good idea of the architectural 
design of the buildmg. The ground floor is rectangakr 
in plan, and is divided up into shops and a general entrance 
hall, from which the mam staircase rises to the seven upper 
storeys and a room in the roof of the corner tower. 

The first, second, and third floors are increased in area 
by the corner cantilever tower, a rectangular projection on 
the Hope Street fa9ade, and by bay windows on the Bath 
Lane fagade. The fourth floor is further increased by an 
overhanging projection of the Avails supported by corbelling, 
and the area of the three floors above, is stilJ further 
increased by extension of the outer aabIIs to fill in the spaces 
between the corner tower nnd the rectangular projection. 

Fig. 288 IS a plan shoAVing the arrangement of-the sl.\th 
and seventh floors, and may be taken as being genemUy 
applicable to other storeys. 

From foundations to roof concrete-steel has been used 
exclusiA’ely as the material of construction, haAing been 
applied substantially on the prindple adopted in steel-fraroe 
buildings. In other words, the Avail columns, interior 
columns, floor beams, and main roof members Avere com- 
bined to form a complete frameAAork filled in as the Avork 
progressed by panels constituting the outer walls, interior 
partitions, floors, and roof covering, the concrete being 
monolithic throughout and reinforced by a network of steel 
bars passing from one par! to another and binding the a'IioIc 
system together. Thus from the structural st.nndpoinC the 
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completed building is\irtuallya huge rectangular column, 
with interior stiffening ribs and bracing, firmly fixed at one 
end into solid earth. 

Figs. 289 and 290 are photographic views showing 
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completed building is urtually a huge rectangular column, 
with interior stifTonlng ribs and bracing, firmly fi\cd at one 
end into solid eartli. 

llgs. 289 and 293 are photograplnc views showing 
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respectively the interior of an office on one of the upper 
floors and an artist’s studio under the roof. As indicated 
by these illustrations, no unnecessary attempt has been 
made to hide the true features of the construction by mean- 
ingless plaster work, as too frequently happens in architec- 
tural practice. The work is interesting as the first e\.ample 
in this countrj of good architectural design re.alised in a 
building constructed entirely in concrcte-steel. 



Pi''. sS^.-'lntcnor of Ofllce on Upper I'loor. 


The building iias erected from the designs of Messrs 
Salmon, Son, & GiUespw, of GlasgQ^v, and the structural 
drawings of Mr. I-. G. Mouchel, M.Soc.C.E. (brance), 
of Westminster, who was represented during execution of 
the works by Mr. F. A Macdonald, The contractors were 
The Yorkshire Hennebique Contracting Company, of Leed', 
licensees under the Hennebique patents. 

2^. Foundations, — All loads constituted by thewelght 
of the building and its contents, by wind pressure, and the 
weight of snow on the roof, are transmitted to columns 
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supported on footings below the basement floor, these 
footings being of sufficient area to keep earth pressure within 
safe limits. 

As the general construction of the foundations is essen- 
tially similar to that described and illustrated in previous 
Articles, detailed particulars need not be given. 

It may be mentioned/.howeser, that the foundations are 
situated at the aierage depth of lo ft, below mean pa\e- 



I II. ago — Viei» of Stuiliu untler kouf 


ment level, thus providing a ver)* secure connection between 
the whole building and the earth 

261. Columns.— The wall and interior columns, twent)- 
one m all, extend continuously from the foundations (0 the 
roof, being rigidly fixed at the bottom by the footings and the 
basement floor by monolithic construction and overlapping 
reinforcement, and fixed m a similar wa) at each upper floor 
and at the roof. 

Owing to this method of connection the resistance of each 
column to flexure is double that which would be given by 
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a column free to act as 
if it ^ve^e round-ended or 
pivoted, a condition that 
frequently obtains in steel 
stanchions as applied in 
ordinary building con- 
struction. 

Fir. aSS indicates the 
positions of the columns, 
the dimensions of «hich 
vary from 13 in. stjuare in 
the basement to 8 in. 
square at the top storey, 
c; the percentage of the 
S' reinforcement being 
M varied conformably with 
6 the loads to be sustained. 

< In the e.asc of tlic wall 
C columns the uniformity 
M of exterior dimensions 
§ was governed by archl- 
I icctural consider.ition«, 

I with the incidental .ad- 
y vantage that each set of 
^ column moulds w.as suit- 
s' able for use on cverv' 
i floor. Figs. 391 and 392 
C contain tjpical sections 
iJlustMting the arnange- 
nicni of the column rcir- 
forccmcnl. 

In addition to the 
main rolomns, of)!er/*or 
lions of the btitldtnR were 
reinforced Ruit.a!)ly for 
resisting vertical lo.ids, 

.as, for insfance, thove 
i>.irls of the outer w.ills 
lK.-lween the windows of 
the rr)nier lower .and the 
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desired levels. The remainder of the same floor was utilised 
for the purposes of storage, but being small the accom- 
modation necessitated an almost daily supply of the various 
materials of construction. 

For the reason mentioned above the whole work of 
erecting this lofty building had to be carried out b}’ hand 



rtc. 30S. — Vie« during Constraclion, shelving Moulds and ri)ing 
Scaffolds. 


labour, all materials being raised by hand winches with the 
mavimum lift of about 90 ft., and outside scaffolding could 
not be adopted. Flying scalToIds, however, were used as 
necessary, being supported from each finished floor. 

Figs. 308 and 309 are two photographic views illustrating 
the manner in which external scaflbld-i were fixed, and the 
moulds for column, beam, and floor construction. 

The method of forming the moulds for concreting rctiuircs 
no spoci.il comment, as all the ordinary moulds were of 
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of types generally resembling those illustrated in Figs. 44, 
45, and 283. 

It may be mentioned, however, that for the cupola of the 
octagonal tower the timbering was formed by vertical 
members accurately cut to the contour of the cupola, and 
between each pair of vertical members short horizontal 
boards were nailed. The same system was applied to the 
intrados and the extrados of the work, and the horizontal 
boards were nailed on as ’ - . 

mitting the material to be 

Ornamental cornices ar 
and finished by the plaster 

required. Other enrichments, such as medallions, keystones, 
and figures, representing sculptury — as, for instance, those 
to be seen at fourth-floor level m Figs. 286 and 287 — were 
cast in advance in strong plaster moulds. When casting 
these the necessary reinforcement was incorporated with 
the concrete to enable the details to be efficiently secured 
and tied to the main structure. 

All exterior surfaces were rendered with Portland cement 
mortar after completion, and great care was taken to 
secure an even surface, especially on the Hope Street 
fa9ade. 

The exterior surfaces of the cupola and the sleep pitched 
roof surfaces were also finished with a rendering of Portland 
cement mortar, and for the sake of architectural effect were 
not covered with asphalt. 

The work involved in the construction of the building 
generally involved much care and minute attention to 
practical details, and the fact that the serious difficulties 
attending the erection of so lofty a structure on so confined 
a site were successfully overcome constitutes one more 
demonstration of the great adaptability of concrete-steel 
construction. 

CENF.RAI. POST OFFICE nUILDINnS, I.ONDON 

265. General Description. — As a final example of 
concrete-stecl construction we take the extensive buildings, 
the erection of which on the plot of land formerly occupied 
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by Chn^l■s Hospital ha«i Ixrtn aulhofi'cd by H.M. Ofllcc of 
Worls as an addition to the (Jcncral Post Ofl'icc. They 
base !>ccn dc'ipTiRt} !»j Sir JIcnr) Tanner, principal architect 
to H.M OiTicc of Works to nhom the author is indebted 
for the drawings licre reproduced as illustrations. All 
details of the conertte steel ssotk were pripircd by Mr. L 
G. Mouchcl, M Soc-C-K (Prance), in accord.inrc witli the 
Htnncbirjue system. 

Pig. 310 IS a ground plan showing the general arrange- 
ment of the buildings, whicli arc described olTicially as the 
Public Otllcc and Sorting Oihce. k'arious elesations and 
sections are gi\cn m 1 ig 311 It should be mentioned, 
howeser, that the whole of the site beneath and between 
the two offices IS to be occupied by a basement of such 
extent as to afford accommodation e<jui\alcnt to that of a 
third building. * 

Concrete-steel retaining walls with the axerage height of 
36 ft. are to be built for the purpose of holding up the 
earth below ground lexcl, and a boiler chimney will rise from 
the basement to a height of 130 ft. 

One sef)' interesting feature is the manner in which the 
properties of concrete steel baxc been applied tocantilexer 
construction on a large scale oxer the loading platform, 
where the upper portion of ihc Sorting Office will project 
bejond its supports for a distance of nearlj 15 ft. The 
adxantage of this arrangement is that an absolutely clear 
space IS left for dealing with mail bags and baskets, an end 
that could not be attained by steel -framed masonry 
construction In the case of < oncrete steel the matter is 
perfectly feasible, for the projecting {lortion will constitute 

O-.. .L. 

ston 

■ the 

Public Office will be 201 ft long by 60 ft wide by 85 ft. 
high above ground level, the total height being log ft It 
will cover an area of 1,350 square yards, and have a 
capacity of 1,300,000 cubic ft. 

This building will include six storejs in all, the heights 
of the various storeys being: — 




CHAPTER XIV 
Some Mishaps asd theik Lessons 

SUBSIDENCE OF GRAHARN' BUILDINGS IN TUNIS 

267. Description of Site and Buildings —Within 
recent years the marshy lands bordering the Lake of Tunis, 
in the vicinity of the city of Tunis, have been drained and 
utilised in part as the site of the new French quarter 

Hi) 
(2) a 

flour mill, 34.50 metres square, and (3) a storehouse, 34 50 
metres long by 13 70 metres wide. The height of each 
maybe taken roughly at 24 metres. Fig 312 shows the 
position of the buildings, which are represented to larger 
scale in Fig. 313 

Erected on beds of ancient mud of different densities, 
and attaining the depth of 30 meires or more, these 
enormously heavy structures required foundations of excep- 
tional character to ensure stability. 

Unfortunately, the designer did not appreciate the 
extremely unstable nature of the subsoil, and owing to 
successive movements of the earth all three buildings sub- 
sided more or less seriously, as detailed below. 

Happily, they were built in concrete-steel, and so sus- 
tained no injury. If they had been of ordinary steel or 
masonry nothing could have saved them from total ruin. 
As it was, ail the buildings were safely restored to the 
vertical position, and are now as suitable for their purpose 
as if no disturbance had taken place. However, it remains 
to be seen whether the foundations will prove themselves 
capable of withstanding future movements of the earth. 

»9 
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T, I"- 

Basement . . . , . 6 

Sub-ground floor »S 6 

Ground floor . . . 25 0 

First floor . . .1^6 

Second floor . . ... 14 0 

Third floor ... . . 14 0 

Fourth floor . . ... 13 6 


The Sorting Oflicc is to be 312 ft. by 183 ft. wide by 
63 ft. high above ground level, or 100 ft. high in all. It 
will cover an area of 6,450 square yards, and have the 
capacity of 5,780,000 cubic feet. This building is to be 
founded on a general foundation slab of concrete-steel 
5 in thick, and will include six storeys in all, with the 
following heights . — 

I'l. In. 

Basement . ... 13 6 

Sub-ground floor . . 16 6 

Ground floor so 6 

First floor . .180 

Second floor . .180 

Third floor 14 o 

The underground building lictwccn the t\'o blocks will 
include the boiler-house, storerooms, and various ofilces. 
It will cover 4,000 square yards of ground and have a 
capacity of 936,000 cubic ft. 

These buddings will probably be completed during the 
course of the year 1909, and will certainly constitute a most 
interesting example of concrete-steel construction. 
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IiVc ilic Tower of and haic admired the solidity of the 
construction, which shows no trace of the least fissure and 
defies disapijregHion Next became manifest the csidcnce 
of invincible neiditj in the armoured construction forming 
the bottom of the silos supported b> enormous columns 
whose origiml alignment l»e- 
iwccn the l«o faces of the 
budding had not been disturbed 
in the slightest degree. It is 
simplj marvellous that such re- 
sistance to torsion should have 
been manifeste-d bj so huge a 
structure, deprived as it vvcrc of 
all sujiport and exposed to the 
risk of deformations to which 
It appeared to be doomed by 
Its critical position.” 

Notwithstanding the doubts 
that were expressed as to the 
possibility of such a course, the 
building vvas restored to the 
vertical position in less than a 
foitnight b) lowering the oppo 
site side of the structure, and if 
It were not for the fact that the ground floor has now become 
a basement there would be nothing to show that any dis- 
turbance had taken place. The roof structure, shown in 
added to the granary after readjustment, to 
compensate for loss of the original ground floor 

269. Subsidence No. 2. — Some time after the first 
subsidence the flour mill was slightly disturbed by a second 
earth movement. This caused the building to fall over to 
one side, so that the parapet overhung to the extent 0.50 
metre, a mishap that was rectified without serious trouble 

270. Subsidence No. 3. — On the 28th August 1906 a 
sudden and somewhat extensive movement of the earth 
occurred on the outer side of the storehouse, causing a double 
inclination which ultimately caused the parapet to overhang 
the base by 5.50 metres, one comer of the building being 
buried 1.50 metres deeper than the other end. 



I n. tiy — Granvry Buildings, 
Tuni^, Block I’lan 
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268. Subsidence No. 1. — ^The first building to subside 
was the granary. On 22nd April 1906 a gradual movement 
of the earth commenced, xvith the result that the granar)’ 
gradually sank in an outward direction, until it rested at an 
angle of about 25 degrees with the vertical 
The subsidence is attributed to a depression caused by 





Flu 312. — Pari of New Trench Quarter, Tunw 

reduction of the water le\cl m the lake and in the w.atcr- 
logged soil around its border*.. The outer side of the 
building rested over tlic edge of the depression, and not 
upon earth «luch, as m the case of that on the other side, 
was compressed under the weight of the mill. 

'File condition of the gramiry after the mishap is thus 
described by an e>C'"itncss — . 

“J h.Tse been permuted to enter the building, le.'ming 
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Fig. 314 is a photographic view, where may be seen the 
first two buildings after restoratiort to the vertical, and the 
third at its maximum angle of inclination. 

The mishap to the latter was of far more serious char- 
acter than the other two. Nevertheless, the building was 
levelled with perfect success before a month bad elapsed, 
without the least damage to the concrete-stecl construction. 

271. Method of Level- 
ling. — For the purpose of 
aiding the restoration of the 
granary building to a vertical 
position, some 4,000 tons of 
sand which has been placed 
on the various floors, in 
readiness for load tests about 
to be conducted, were shifted 
to the higher side of the 
building. In addition, ex- 
terior platforms were erected, 
as illustrated in Fig. 315, 
and loaded with as much 
stone as could be stacked 
on them. At the same lime, 
pits were dug along the front 
(Fig. 315), through which 
the semi-liquid mud flowed 
and helped the settlement 
of the building in the desired 
direction. 

Similar measures were 
adopted m the case of the lit- J15 Mcthr,iJ uf I.c»elling 
two other buildings liuililingv 

272. Lesson of the 

Subsidences. — The first lesson of the successive mis 
haps at Tunis is so obviously the necessity for sound 
foundation work that it scarcely requires mention. The 
second is the clearl) demonstrate superionlj of concrete 
steel over any other s)stem of building construction. 

For the purpose of enabling the reader to compare the 
rigidity of these buildings with one of ordinarj’ steel con- 






1. 3*5^“ 5 ■»ni;iiu«!inil Scciion of Mam He 




3^^ co.\*cri:tk-stkiu. iiuiM)1N(;s 

strurtlon wcnpjKrmi btiof |Mrticub« rcbtnc loan anAlivm-* 
mishap to a pram elevator m ( anadt. 

The clc^alor niraMirctl 6o U. wjifc J-y ico ft. 1) 
tSa .itui on the banlc of ili'* Kami' ^tiWu }vnr', 
m Ontario It wa^ built on 'oncrito foiiinhiicM* 'uppirirtl 
by 6o ft. piIo5 drnen to solul nicl. 'Il.p foiiiuhtKni wa!'*. 

ft. hipli, tierc onl) lO itt tbicl, and f.»r ti'O l! m to 
witliMand the enormous loael phcni ujwm ilicni Ilc'e 
the construction pa\c way at one cofii'-r on ih.-tncr fri’"! 
and then rollap'nl cnlirid), with the /rsult tli.^t the biii'd r4 
slid Imdily for a distance of jo ft. into the rnrr, wlrtr it 
stood m .’o ft. of water at a sntnidtrahV at'p’c frori t*r 
siftical. The stnirture was of the sted tuhtitar l>{''*. a''d 
ahhouph 'howinp comparatiscl) bttlc siyn of ibmi.N' fru-i 
tlm outside was 'o twi»tt'l as to fender futile an) h^p’ »f 
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The moment of resistance tvas determined as follows : — 
(tf) On the assumptmn that the concrete was of superior 
quality and thoroughly hardened, and that the rolled steel 
joists were of British make, and stressed up to the elastic 
limit of the metal j {h) on the assumption that the concrete 
was of poor quality and had not fully set, and that the 
joists were of foreign steel and stressed up to the elastic 
limit ; and (r) by employing as factors the values of the 
maximum stresses permissible for ordinary working con- 
ditions, the concrete and the steel being assumed to be of 
satisfactory quality. 

Expressed in terms of the bending moment at the centre 
of the beam, the results are as tabulated below — 


Moments. 

1 Dead Load 

. only (A) 

Dead Load (S) I 
and Supertoad. 

Bendine moment . 

1 

1 00 1 

Moment of resistance (<t) 

1 006 

©.66 , 

.. W 

0.7s 

051 ! 

t. .. 

0 24 

0.16 1 


In the first column, where the moments of resistance are 
fhc dead weight of 
the materials and 
ha\e failed even if 
•n sufficiently; hne 

{b) indicates that if the concrete and the steel were of 
indifferent quality the beam was bound to fail under much 
less than the dead weight alone, and line (r) shows that 
the bending moment due to the dead weight was nearly 
2 J times the safe moment of resistance of the beam 

In the second column, where the moments of resistance 
are compared with the total weight the floor was designed 
to carrj’, ever}* line confirms the opinion that the resistance 
of the construction was utterly inadequate. 

The incorrect disposition of the three upper reinforcing 
bars will be clearly realised by considering Fig. 320 in an 
inverted position. Then, regarding the beam as one with 

24 
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centre, the wings are situated where they can not do much 
good. 

Having seen that two elements of 
the reinforcement are of little or no 
use as applied in this beam, let us turn 
ne>t to the two rolled steel joists, 
whidi are evidently intended to be 
' the mainstay of the construction. By 
reference to the cross section in Fig. 
319 itwll be seen that these members 
extend nearly to the neutral axis, 
thereby reducing the capacity of the 
’ steel to resist bending moments by 
shortening the arm of leverage. The 
result is that the bars are of far less 
service than is suggested by their im- 
posing appearance. 

Without reliable data as to the 
mechanical properties of the materials 
used, and particularly to the strength 
attained by the concrete at the time 
when the supports were removed, it 
would be impossible to compute the 
exact moment of resistance of the 
beam that failed 

For the purpose of ascertaining the 
cause of the failure as far as possible, 
we have calculated the bending 
moment at the centre of the span, and 
the moment of resistance of the beam, 
using average values for the weight and 
physical properties of the materials. 

The bending moment was deter- 
mined as for a beam simply supported 
at the ends, because the method of 
fixing in this case is not adequate for 
ensuring rigidity to such an extent as 
would justify treatment of the member 
as an encastre beam. Calculations ivere made for the dead 
load only, and for the combined dead load and superload. 
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The moment of resistance was determined as follows : — 
(fl) On the assumption that the concrete was of superior 
quality and thoroughly hardened, and that the rolled steel 
joists were of British make, and stressed up to the elastic 
limit of the metal ; (^) on the assumption that the concrete 
was of poor quality and had not fully set, and that the 
joists were of foreign steel and stressed up to the elastic 
limit ; and (c) by employing as factors the values of the 
maximum stresses permissible for ordinary working con- 
ditions, the concrete and the steel being assumed to be of 
satisfactorj’ quality. 

Expressed in terms of the bending moment at the centre 
of the beam, the results are as tabulated below : — 


Moments. 

Dead Load 

1 onl> ( J) 

Dead Load (S) 
and Superload. 

Bendinc moment 

1 

I.OO 

Moment of resistance (a) 

f 096 

0 66 

„ M W 

0.7$ 

051 

.. „ (<> 

0 24 

ai6 


In the first column, where the moments of resistance are 
compared with the bending moment for the dead weight of 
' ' ' ' ... materials and 

failed even if 
ifficienlly , line 

(^) indicates that if the concrete and the steel were of 
indifferent quality the beam was bound to fail under much 
less than the dead weight alone , and line (r) shows that 
the bending moment due to the dead weight was nearly 
2J times the safe moment of resistance of the beam 

In the second column, where the moments of resistance 
are compared with the total weight the floor was designed 
to carry, every line confirms the opinion that the resistance 
of the construction was utterly inadequate. 

The incorrect disposition of the three upper reinforcing 
bars will be clearly realised by considering Fig. 320 in an 
inverted position. Then, regarding the beam as one with 

24 
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fixed ends, the curved line bounding the three shaded areas 
shows that reinfon ement against tension is required near 
the upp r surface at each end, and near the lower surface in 
the middle of tne beam. Further, owing to the heavy load 
to be carried some reinforcement against compression is 
needed near the lower surface at each end and near the 
upper surface in the middle. The two I-beams afibrd the 
required assistance at the ends, but there is practically no 
reinforcement m compression for the upper fibres in the 
middle of the beam. 

In Fig 32 1 We have a diagram showing how the varieties 
of reinforcement already used might have been applied so 
as to increase the resistance of the construction by nearly 
30 per cent, wuhout adding to the weight of reinforcement. 
The two I-beams are left in their original position, which is 



lii 


Fio. 321.— Weight of Meial not increased, Original rearranged. 

correct as far as such sections permit. The curved bar is 
straightened out and reduced in area, the metal saved being 
applied to increase the length of the two short bars, so 
that they may extend from end to end of the beam The 
three bars are placed near the upper surface of the concrete, 
where tliey have a greater leverage and are able to act as 
efficient reinforcement for theconcretein tension at the ends 
and in compression in the middle of the beam. 

Although this revised arrangement offers increased 
resistance, it would be further improved by substituting 
ordinar)' round or oilier suitable steel bars for the two 
I-beams. 

Fig. 332 shows the same quantity of metal as that 
originally employed, but applied in the form of nine 
round bars. ’Die upper three bars are for resisting tension 
at (he ends and compression at ibe middle of the bc.am; 
the next three bars are for resisting tension at the ends and 
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The main beam is reinforced, as shown in Fig. 326, by 
three series of longitudinal bars arranged as follows: — (1) 
The first series extending from end to end near the upper 
surface of the concrete ; (2) the second series commencing 
at one end immediately under the first series, then dipping 
down near the point of contrar)' flexure, continuing along 
the tension area nearly as far as the other point of contrary 
flexure, and finally rising to the upper part of the concrete 
at the other end of the beam ; (3) the third series extend- 
ing from end to end near the lower surface of the concrete 
Shear reinforcement is added as m the case of the second- 
ar)’ beams and floors slab. 

The application of ordinary steel bars as described 
above results in an arrangement very similar to that 
followed in the Hennebique system. If preferred, howe%-er, 
either of the patented forms of reinforcement previously 
mentioned could be adopted with satisfactory results, pre- 
siding the bars were suitably proportioned and arranged so 
as to pronde resistance for the calculated stresses. 

When a concrete floor is properly designed, and care is 
taken to secure the monolithic connection of the concrete 
throughout, it is not a senes of separate units but one con- 
tinuous slab stiffened by projecting nbs and capable of 
acting as a homogeneous structure So intimate is the con- 
nection between all parts that the slab virtually constitutes 
a compression flange for all the beams, and the secondary 
beams act as transverse stiffeners to the mam beams. 
Thus maximum strength and rigidity are obtainable with a 
minimum expenditure of materials. 

By the foregoing discussion it will be seen that the 
design of a concrete-steel floor involves the careful 
analysis of stresses, the correct determination of the general 
proportions of every detail, and reliable calculations relative 
to the percentage and disposition of the steel used as 
reinforcement. 

276. Lessons of the Failure. — The most conspicuous 
lesson of this failure is the demonstration that concrete- 
steel beams and floors cannot be designed by the aid of 
catalogues alone The Idea that a section book of j'oisls and 
one or two pamphlets on patented reinforcement constitute a 




Fio. 326 — Petails of Mam and Secondary Beam. 

upwards, ^^•here they pass over the matn beams to^ provide 
for continuous-girder action. Shear reinforcement Is added 
as in the floor slab. 
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n.c mam l>cam n rcinforrcd, 35 ihown in I'lg. 326, by 
three wrnrt of longitudinal lor* arranged a? follows — (i) 
The fir<t sene' oKntlmg from end to end near the upper 
•urfacc of the concrete , (a) the second »crics commencing 
at one end immediatcl) under the first senes dipping 
do»Ti near the point of contrary flcturc. continuing along 
the teriMon area nearly as far as the other point of contrary 
flexure, and final]} n'ing to the upi>er jnrt of the concrete 
at the other end of the beam , (3) the third senes extend- 
ing from end to end near the lower surface of the concrete 
Shear reinforcement i' added as in the case of the second- 
ar) Ixrams and floors sbb. 

The application of ordinary steel liars as described 
abosc results in an arrangement scry similar to that 
followed m the Hcnnebiryucsystcm K preftrred, howescr, 
either of the patented forms of reinforcement prcsiously 
mentioned could be adopted with saiisfactor) results, pre- 
siding the bars were suitably proportioned and airangcd so 
as to preside resistance for the calculated stresses. 

Wlicn a conaetc floor 1$ propcrl) designed, and care is 
taVen to secure the monolithic connection of the conaele 
throughout, it is not a senes of separate units but one con- 
tinuous slab stifTcnsd b) projettmg nt»s and capable of 
acting as a homogeneous stnn lurc "so intimate is llie con- 
nection between all parts that the slab virtuall) constitutes 
a compression flange for all the beams, and the secondary 
beams act as transsersc stiffeners to the mam beams. 
'I'hus maximum strength and ngidity arc obtainable with a 
minimum expenditure of materials 

Ily the foregoing discussion it will be seen that the 
design of a concrcte-stccI floor insohes the careful 
analysis of stresses, the correct determination of the general 
proportions of ex cry detail, and reliable calculations relative 
to the percentage and disposition of the steel used as 
reinforcement. 

276. Lessons of the Failure.— The most conspicuous 
lesson of this failure is the demonstration that concrete- 
steel beams and floors cannot be designed by the aid of 
catalogues alone. The idea that a section book of joists and 
one or two pamphlets on patented reinforcement constitute a 
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3?5 and 326, by continuous bars proportioned in accord- 
ance with the diagram of bending moments, and bent 




Flo. 3J4. — Revised Sections of Floor, 



Flo. 325 —Details of Secondary Ream and Floor Slab. 



Fig. 326 — Details of Mem and Secondary Beam. 


Upwards, where they pass over the main beams to provide 
for continuous-girder action. Shear reinforcement is added 
as in the floor slab. 
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ITjc main l»cam rcmfotrctl, *hown m I'lg. jjf), by 
thrrc fcnct of longiliidinal Iwirs arranged 3< follows — (i) 
The first senes ritmiling from end to end near die upper 
•urfacc of the concrete, (a^thc second senes commencing 
at one cnii immcihatclj under the first scru-s, then dipping 
down near the point of contrary fleture, continuing along 
the tennon area riearly as far as the other point of contrary 
flexure, and fmallj n'lng to the opjicf ivtrt of the concrete 
at the other end of the Iw-am , (3) the third senes extend- 
ing from end to end near the lower surfact: of the ronacie. 
Shear reinforcement i' added as in the case of the second 
ar) beams and floors slab 

Tlic application of ordinary steel bars as described 
abosc results m an arrangement scry similar to that 
follosrcd in the Hcnncbif]uc system If prefened, howescr, 
either of the patented forms of reinforcement prcsjously 
mentioned could be adopted with satjsfactor) results, pre- 
siding the bars sure suitably proportioned and arranged so 
as to preside resistance for the calculated stresses. 

When a concrete floor is properly designed, and care rs 
taVen to secure the monolithic connection of the concrete 
throughout, it is not a senes of $e|viTaic units but one con- 
tinuous slab stilTtnetl by projsttmg ribs and capable of 
acting as a homogeneous stnic turc ''O iniimaie is the con- 
nection betsseen all pans that the slab sutually constitutes 
a compression flange for all the beams, and the secondary 
beams act as transsersc stiffeners to the main beams. 
'I'hus maximum strength and ngidity arc obtainable with a 
minimum expenditure of materials 

IJy the foregoing discussion it xmU be seen that the 
design of a concrete-steel floor inxoUes the careful 
analysis of stresses, the correct determination of the general 
proportions of esery detail, and reliable calculations relative 
to the percentage and disposition of the steel used as 
reinforcement 

276. Lessons of the Failure. — ^The most conspicuous 
lesson of this failure is the demonstration that concrete- 
steel beams and floors cannot be designed by the aid of 
catalogues alone, llie idea thata section book of yoists and 
one or two pamphlets on patented reinforcement constitute a 
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royal road to concrete-steel design is one that must never be 
entertained. Rolled steel joists are very useful sections for 
some work, but are quite out of place in concrete-steel. 
Indented and Kahn bars are equally useful m the hands of 
qualified designers, but possess no magic qualities consti- 
tuting a substitute for knowledge and experience. All who 
have the necessary theoretical and practical qualifications 
may safely undertake the design of concrete-steel structures, 
but others who are not so qualified should abstain from 
rash experiments, and do nothing without the assistance of 
an expert. 

In view of the probability that the immediate cause of 
failure was the removal of the centring before the concrete 
had properly set we may draw the further lesson that the 
constuction of buildings in concrete-steel ought only to be 
entrusted to contractors having adequate experience of the 
new material. 

COLLAPSE OF A SWISS HOTEL 

277* structural Data. — The building whose failure 
is here discussed occupied a site at Aeschen, a suburb 
of Bale, having a frontage of i8 metres and a depth of 
46.5 metres. The hotel consisted of two blocks, practically 
independent, and the mishap occurred to one of these 
having the width of 18 metres and the depth of 12.5 
metres. Fig. 327 is a section illustrating the general 
design of the building, which it will be seen included 
a basement and seven storeys. The two side walls and the 
front wall up to ground-floor level were of brick, this 
material being also used for the foundations. The upper 
portion of the front wall was in concrete-steel faced with 
stone, while the interior columns, column foundations, 
floors, and some other structural details were also in 
concrete-steel. 

278. Development of the Failure. — So far as could 
be ascertained after the occurrence the collapse was due 
to the failure of beams i and 2 in the first floor (see Fig. 
328). These beams were supported by two interior 
columns and one of the brick party walls. 

At the time when the collapse took place the inter- 
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mediate column was being cased in brick preparatory to 
the construction of ornamental brick arches beneath the 
beams. To enable him to carry out this work the con- 
tractor removed the centring 
from the under side of the 
beams, and did not make 
provision for supporting 
them during the operation 
of casing the column. 

As the concrete had not 
then thoroughly set the 
beams ^^ere unable to with- 
stand the strain coming 
upon them. Their inevit- 
able failure was followed 
by the overthrow of the 
columns and the practical 
ruin of the building. 

279. Report of Ex- 
perts. — A comtrinee of 
experts, appointed to in- 
vestigate the causes of the 
accident, included Mr. A. 

Geiser, city architect of 
Zurich, Professor W. Ritter, 
and Professor F. Schule. 

After exhaustive inquiry the 
committee found that the 
failure did not indicate any 
specific fault in the prin- 
ciple of the system of con- 1 ,c. 327. -Section of Hotel 
struction adopted, and that 

the plans and drawings had been satisfactonlj prepared. 
They found also that the removal of the centring on the 
day of the mishap was contrary to the advice of the 
engineer representing the designers of the concrete-steel 
construction, and expressed the opinion that the removal 
of the supports threw an undue load on the columns 
before they had completely set. Among the final con- 
clusions in the report ol the committee are the following : 
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hmnediate Cause of the Collapse , — \Vant of care in re- 
moval of the centring from beams i and 2 in the first 
floor, and the absence of support during the casing of 
the intermediate column. 

Contributory Causes, — (i) Inadequate dimensions of the 
interior column supporting one end of beam i, and in- 
sufHcient control by the contractor of the dimensions 
generally. 

(2) The employment of unsuitable aggregate in the 
concrete. 



Fio. 328.— Plan of First Floor. 


(3) Want of care in executing the concrete work, and 
particularly inadequate tamping. 

(4) Defective organisation of the contractor's staff, with 
consequent ambiguity as to the authority of the super- 
vising engineer. 

(5) Undue haste in execution of the work, and the 
injudicious removal of centring beneath the various 
floors. 

280. Lessons of the Failure.— From tins failure we 
may learn that, however carefully the designs for a concrete- 
steel structure may have been prcp.ared, the safety of the 
construction cannot be secured if executed by a contractor 
who uses unsuitable materials applied wiihout jiropcr care, 
and whose foremen insist upon foolish methods of pro- 
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cedure against the advice of the engineer who has been 
appointed to supervise the execution of the work. 

COLLAPSE OF A IIUILDIKG IN ATLANTIC CITY, U S.A. 

281. Causes of Failure. — From the report of an 
engineer who examined the ruins of this building, which 
collapsed during construction, it is clear that the essentials 
of sound design and workmanship were lacking to a 
lamentable degree. 

The surfaces of the fallen beams and columns were 
badly split and broken, the concrete was so much injured 
by frost that large portions could be broken off and crushed 
between the fingers, and there had never been any proper 
bond between the concrete of the beams and the floor 
slabs. 

That the necessity for monolithic connection between 
the parts in question could not have been recognised 
by the designer was demonstrated by the fact that in 
several beams the aggregate ivas trap rock, while in the 
floor slab broken limestone had been used. 

As the designer had evidently included the thickness 
of the floor slab in the eflective depth of the beams, the 
lack of cohesion necessarily iniohed a serious departure 
from the calculated resistance of the construction, and 
might m Itself ha\e been suffiaent lo account for failure 

Another defect was demonstrated bj the shearing of two 
beams at the supports, thus proving that the reinforcing bars 
had not been c.arned into and securely anchored in the 
supported ends of the beams 

Faults of the kind here indicated are just those likely 
to occur when concrete-steel work is executed by inex- 
perienced contractors 

PRLMXTURL lAILL'Rt OI A I EST FLOOR 

282. Details of Construction.— The floor here in 
question was built of hollow bricks and concrete, the 
reinforcement being applied in the vertical joints between 
the bucks. The bricks measured 10 in by 4 in., being 
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laid flat and on edge alternately, with the object of forming 
a satisfactory bond with the layer of concrete above. The 
reinforcement consisted of flat steel bars i.6 in. deep by 
0.17 in. wide, and were embedded in cement mortar. The 
upper layer of concrete had the mean depth of about 
7 in., and was mixed in the proportions of Portland cement 
I part, Thames ballast 6 parts; but the specified pro- 
portions were t part Portland cement to 5 parts Thames 
ballast. The adoption of the poorer proportions was 
simply due to neglect of instructions by the builder 
employed. Moreover, at the lime of testing the concrete 
was still wet, and so had not attained its full strength. 

283. Results of Test — The following particulars are 
taken from the report of Mr. A. T. Walmisley, M.Inst.C.E., 
by whom the test was conducted on 31st October 1906 : — 

At 2.27 p.m. the load of 5 cwt. per square foot was 
applied, the deflection then being nil; at 2.43 p.m. with 
the load of 5.96 cwt. per square foot there was still no 
deflection Gradual increase of the load up to 7.4 cwt. 
per square foot caused the deflection of in. ; and at 
3.50 p.m., when the load of 7.95 cwt. per s'quare fool had 
been applied, the floor suddenly collapsed. It was then 
observed that the hollow bricks had failed, and that the 
tension bars had been pulled out from one end, but were 
not broken. 

In justice to the patentees of the system it should be 
mentioned that the floor actually fulfilled the conditions 
for which it was designed, and that if the concrete had 
been of the proper proportions and thoroughly hardened, 
the floor would certainly have carried a much greater load 
than that under whi' h it failed. 

284. Lessons of the Test. — "niis case shoivs that in 
incompetent hands concrete may become a dangerous 
material. The premature failure of the floor is directly 
attributable to the incorrect proportions, lack of homo- 
geneity, and unseasoned condition of the concrete. It 
constitutes one more proof of the fact that the average 
builder’s man is quite unfit to deal with concrete steel 
construction in any way unless under the most vigilant 
supervision. 
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TARTIAl. COH.AI’Sr. OF A lACTORV I’UtLPlSC IN NEW 
\ORK STATI 

2S5. General Description of Building:.— Fig. 3*9 
contains a part plan and two sections of the building which 
partially collap'-cd, in Nosember 1906, during erection for 
the Eastman Kodak Company, in accordance with the 
Kahn system of tile and reinforced concrete construction. 
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tie. 329 — Eastman Kodak Iluildmg 


The part of the burlding which failed was 134 ft. Jong 
by 53 ft. wide by 28 ft. high, and includes three storeys 
in part of the area, the remainder having two storeys only. 
The design was of ordinary' character, compnsing columns, 
beams, and slabs The columns were of concrete reinforced 
by Kahn bars and some ordinary' round bars, the floors and 
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where/ = compressive strength of concrete, s.iy, :ooo Ib. 
per sq. in. 

n’ = sectionai area of the concrete. 

= sectional area of the steel. 
m “ ratio of the coefficients of elasticity of steel and 
concrete, say, E' ^ E' = 1 5. 


Substituting these values, we get 

J.oaprfMl + 

*44 


2,435 1^- P«r sq- in. 


Consequently the actual factor of s.tfetj' was practically 
2, and even taking into account the four .additional bars 
shown in the drawings, the factor of safety could not be 
pul at more than 2.3. Hence there is no need for wonder 
that Mr. M'Chntock should h.ive expressed the opinion that, 
considering the high stresses, the design was imperfect- 
In point of fact, owing to the inferior quality of the 
concrete, its careless depc^iiion, the lack of proper tamping, 
and the presence of foreign substances, the column was not 
strong enough to support the dead load alone i — 

2SS. Conclusions of the County Coroner.— -In the 
findings of the .Nfonroe County Coroner the following points 
.ire worthy of special note : — 

(i) The contractors were found guilty of crimin.nl 
negligence in submitting working drawings not in accord- 
ance with the agreement \vith the Eastman Kodak Co., and 
in allowing pressurts upon the columns bejond any safe 
limit. 

(r) The contractors’ foreman was found guilty of criminal 
negligence because he allowed the concrete to be put into 
the moulds without proper umping. allowed a fewer number 
of bars to be put in some of the columns than the specified 
number, and by gro «5 and culpable negligence permitted 
foreign substances to be built into the concrete of the 
columns. , 

(3) The assistant manager of the n.asiman Kod.ak Co, 
an educated engineer, w-as found guilty of gross and culpable 
negligence by permitting the contract to be aaokiied so as 
toen'd.angerlife, by permitting Column 47 to I'C co^^lructed 
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f3r«c.iV.cr tlian ‘ipcciftcO, and by employing a person utterly 
devoid of building exi»cricncc as sole inspector without 
instruction as to tlie importance of the work he was inspect- 
ing, and by not remoxing work sihicli was obxiously de- 
fectixc. He was also found guilty of gross and culpable 
negligence in i>crmmmg Column 47 to be constructed so 
that it would be Subject to a stress considerably greater 
than is consistent with safetj m any building regulations 
or engineering practice brought to the knowledge of the 
coroner. 

I'lie following conclusions of fact were also drawn by the 
coroner from the exidcncc and stud) of this account : — 

(n) That the Kahn bars and similar bars with shear 
members attaclicd arc not suitable for columns, because of 
difficulty in properly tamping the concrete. 

(1*) That no concrcte-stccI structure can be considered 
safe unless some reliable man is absolutely responsible for 
putting the projicf number of proper sized bars in the 
positions designated for them. 

{<■) That, the aIlott.able stress upon steel and concrete in 
construction should be fixed b) law, so that the safety of 
the public shall not dcjicnd upon tin. cupidity of energetic 
contractors or pirsimonious designers 

zSg. Lessons of the Failure.'— So far as can bo 

* (n ihc corofifr » irMjuiry the fv'>dak Co hjvc 

miJc pul'lic a report on the liuiMing l>) Mr Ldvvin Thachtr and Mr 
C. W XIar\, who wire commisMuned Ity iht company to in\esiiEate 
ifit «{rcng{h vt lh« doign and itic safety of the construcdon These 
engineers say "‘We are fully crmsinced that the primary cause of 
the f.tilure was due »o Ihi fact that the supports under girders and 
floor conslruciion were rcinosed too soon for that season of the year. 


Uc.iu luKi iiMUC iiy Xii 4 uiiiiiuLK, Jilu eauuiatiiig on iiie oasis ui 
3,000 1b per s<) in as the ullioiate strength of the concrete, arriteat 
the result that Column 47 as Iniilt was not improperly designed. The 
assumed tnluc of J, 000 lb per so in. is clearly etcesswe for ordinary 
concrete, especially when applied lit coltmins It is unfortunate that 
instructions were not gi'en at an earlier dite, that this report might 
base been considered together with that of the county engineer at Ihe 
official inquiry 

25 
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where/' = compressive strength of concrete, say, looo lb. 
per sq. m. 

rt' = sectional area of the concrete. 
a = sectional area of the steel. 
tn = ratio of the coefficients of elasticity of steel and 
concrete, say, E' — E' = 15, 


Substituting these \-alues, we get 
p_ g.ooo[(t4t t-g.a4 (is- i)l 

144 


= 2,435 per sq. in. 


Consequently the actual factor of safety was practically 
2, and e\en taking into account the four additional bars 
shown m the drawings, the factor of safety could not be 
put at more than 2.3. Hence there is no need for wonder 
that Mr. M'Chntock should have expressed the opinion that, 
considering the lugh stresses, the design was imperfect. 

In point of fact, owing to the inferior quality of the 
concrete, us careless dejiosiiion, the lack of proper tamping, 
and the presence of foreign substances, the column was not 
strong enough to support the dead load alone : — 

288. Conclusions of the County Coroner,— -In the 
findings of the Monroe County Coroner the following points 
are worthy of special note — 

(r) The contractors irere found guilty of crlmin.il 
negligence m submitting working <lrawings not in accord- 
ance with the agreement with the Eastman Kodak Co, and 
in allowing pressures ufion the columns bc>ond any safe 
hniif. 

(2) The contr.iclors' forenwn was found guiltyof criminal 
negligence because he alJoncd the concrclt* to he put into 
the moulds without proper tamping, allowed a fewer number 
of bars to lx* put in some of the columns than the sj>ccifictl 
numlx;r, and by gross .and cul|>ah!e negligence permitted 
foreign substances to l)c huilt into ilie concrete of the 
columns. 

(?) I’liC assi«t.int manager of the J«Tstm.an Kodak Co, 
an educated engineer, was found guili> of gro<;s nnd culpable 
negligence by iHTniitling the contmet to W vioI.itetl so as 
toend.anger life, hj permuting Column 47 to Ix; constructed 
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far weaker than specified, and by employing a person utterly 
devoid of budding experience as sole inspector without 
instruction as to the importance of the work he was inspect- 
ing, and by not removing work which was obviously de- 
fective, He was also found guilty of gross and culpable 
negligence in permitting Column 47 to be constructed so 
that it would be subject to a stress considerably greater 
than is consistent with safety in any building r^ulations 
or engineering practice brought to the knowledge of the 
coroner. 

Tjie following conclusions of fact were also drawn by the 
coroner from the evidence and study of this account — 

(rt) That the Kahn bars and similar bars with shear 
members attached are not suitable for columns, because of 
difficulty in properly tamping the conaeie. 

(d) That no concrete-steel structure can be considered 
safe unless some reliable man is absolutely responsible for 
putting the proper number of proper sized bars in the 
positions designated for them. 

(e) That.the allowable stress upon steel and concrete in 
construction should he fixed b> l.aw, so ih,ii the safety of 
the public shall not depend upon the cupidity of energetic 
contractors or parsimonious designers. 

289. Lessons of the Failure.'— -So far as can be 

’ Suli'CjiKnt In the coroner » irK[uiry the Eastman K'idak Co lu\e 
inide jiiiMic a report on llic building bj Mr 1 (t«in Th.ichir and 'Ir 
C. W. Mats, Mho Mctc comnnssionid b) ihc companj in tn>esii[;ate 
Ois MtcngUi of the Oesi,;n ami the sifeU of the lonslrticnon These 
cti(,'inecr^ vi) : ,\rc fully o»nsiticed ilwi the priniirj cauv: of 

tlie f.iilure m.is due to the lad lint iht Nuppuis under giriKrs and 
fioor conviruaioii Mere remoted loo soon for ilul *eav)n of the tear, 
joiir records sIiomio^ that ihe concrete was onlj .it>oui three MceVi old 
The conciili ihroiigliout i> of Root! tjuibl), but Has too green lo eiul le 
the re'pcclitc iiieiiilvrs Co c»cn carrj ihcir rcsjiicli'e dead load', Miih 
safitj." Mev'ts Tinchcr ami .Mar^ di-agree with the orimaies of 
dei<t bn'i nmie In Mr IfCliniocL, anJ calcutiting on the twos c f 
3,000 lb. per Mj in as the uiumale slringih of the concrete, .tfrite at 
the re'ull that Column 47 as ImiiIi was not impTojKrly dcMgnetl. "nic 
B'snmed mIuc of 3,000 lb jier s«i in i»clcsrlj ercessnc for ordinary 
concrete, C';xxiat/j uhtn appliea in c^»furnnv ft i« unfortunate that 
instruction^ Meie not gnen at an tarlier d»U, •• » that this report m^ht 
liave lieen ci'ii'uli re<l together with that of ihe count \ engineer at the 
ofilcnl inijUir) 

25 
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i<>r<>ug!i ( uuncil 

CardifT 

1) <ik ( luling I'lts 

( arditf Railway C”. 

Glasgow (Vokcr) 

t I’ll Imkits, IV-wrl 

**lil nm 

( hdi \ alley Llectnciiy 

I.ccils 

( iial •slnrss, 1 Irctricily 
llc]unii>eii( 

(. iiy ( ouncit. 

I.^>n<lon (Ncavl^ni 

(ml IVK.kets, lowtr 

Liidrrgri'., h1 ] Ircirie 

(Nurllilloci) 

( >vii Hi.iiiki . 

( rr,rrt U. iV* 

(Riiyal OiWl 

( >ul MopJ.'rs 

C. \\ R ( o 

,, t''wanscuiiit« ) 

( isil H«|>]«r 

(V. W U.ikv 

Mid 11cst..|Ul.^}, 

(Havniun Hill) 

Cl "Vet '•'•■re 

Mc»'fv.(.as<l..^l*C»kC-‘, 
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NewcisHe-on-Tyne . 


,, (Dunston) 

,, (Jarrow) . 

,, (New Bridge 
Street) 
,, (North Shields) 

„ (Wallsend) . 

Paisley . 


Peterborough 

(Walton) 

rijmouth. 


Puole 

Portsmouth 
Preston . 

Shrewsbury 

Shgo 

Southam . 
Southampton . 


Sloke-on-Trcnt 

Surulerlaml 


Offices, Forth Bank 
Benwell Refuse De- 
structor 
Granary 
County Hall . 

Forth Bank Warehouse . 
Warehouse . 

Granaries (tiso) and 
Gram Cleaning flouse 
Store and Shops 

Goods Station 

W’arehouse . 

Police Cells 

Gram Silos . 

Starch Works 
Office Building 

Strong Boom, Post Oflice 
Millbay Katluay Station 
extension 
Warehouse 


Custom’s Watch House • 
Stores . 

County Hall . 

Park Mills 

Cement Stoic 
Refuse Destructor . 
Boiler House. 

Engine House 

Underground Con\cn 
icncc 

Cargo Shell . 

Shop and Warehouse 
Strong Room 

Refuse Destructor . 
Graniries and Gram 
Cleaning Hou«e 


N.E.R. Co 
City Council. 

Messrs. Spiller I'L Raker. 
County Council. 

N.E.R. Co. 

Co-operative Wholesale 
Society. 

Co-operati\c ^\‘holesale 
Society. 

Jarrow and Hepburn Co- 
operative Societv. 
N.E.R. Co. 

North Shields Fish 
Guano and Oil Co. 
n.M. Commissioners. 

Messrs. Wm. M'Kcan ik 
Co, 

Messrs Brown £. Poison. 
Messrs. Peter Brother- 
hood 

H .M. Ofiice of Works, 
fi ^V R Co 

G.W.R. Co. 

Bournemouth Gas .ind 
Water Co. 

II.M. ODice of Works 
Co oiwrative Socitly. 

County Council. 

Messrs. Ilarpir Camp- 
bell. 

K.i^e \ Co 
L. \ S.W.R. Co. 
Soutliampton Cold Stor- 
age Co. 

Southampton Cold Stor- 
age Co 
Corporation. 

I. \ S.W.R. Co. 

Mr. J Holhs. 

Messrs. Ihorncjcroft ik 
Co 

Bc'rough Council. 

Messrs R. sV W. P-’ul. 
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Edinburgh 
Felixstowe 
Glasgow . 

M (Yoker) . 

Grc) stones 
Guildford (Cranlelgh) 

lle>shani Harbour . 
Hull 

Ipswich 

Leicester . 

London (Deeton) 

,, (Bermondsc)) 

>1 (Llaekrtiits) . 

•I (Chelsea) 


I, {Hammersmith^ 
II (Hampstead) 

,1 (Hometton) 

.. (Ilford) 

, (Knighisbriilgi) 

. (Lambeth) 

,, (Neasdcii) 

,, (Norlhdcct) 

,, (Koiherhiihi) 

,, (Rojal Albert 
DoeX) 

„ (Sib enow n) 

,1 (Snodland) 

,, (West Central) 

Londonderrj . 

Manchester (Salford) 
Motherwell 


Granton Gas Works 
Hour Millsand Granaries 
Ciiimnc) Shaft 
I'owcr Station 
Tanks . 

Kcscrsoir 

Fowir Station 
Tost Ofhcc 

New Electncit) Station 

.New G.r O . 

Count) Schools 
Gas Holder Tank, Gas 
Works 
I actor) . 

Generating Station 
Generating Station 
Generating Station 

Public Baths 
i’ublic lliths 
Hospital 

I actor) 

Brewer) 

I I us . 

" mg . 

Power Station 

1 actor) 

Chitunc) Shaft 
Hospital 

Factor) • . . . 

Gashohicr Tank 
Audit Office, Thames 
Lmlankment 
Post Olhee ... 

Pow cT Station . . 

Power Station 


City Council 

Messrs, .^farr^.agc iC Co. 

Cox'cntr) Ordnance 
Works. 

Cl)dc Valtc) Electric 
SuppI) Co. 

Distnct Council. 

Water Works Lo. 

.M E. Co. 

II M OlTice of Works. 

Borough Council. 

H M Office of Works. 
Count) Council. 

G. as Light and Coke Co. 

Messrs Grant & Co. 

County Council. 
Underground Electric 
Railway. 

Borough Council. 
Borough Council. 

H. tmpstend General 
Hiispitlb. 

Messrs Lewis Berger & 
Co 

Mu.sfs Whitbread 6L 
Co 

M Thomas’ Hospital 
Lndtrground Electric 

Wall paper Manfrs. 

Seamen's Hospital. 

Messrs. J. Knight &. 

Mid-Kent Gas Co 
H.M Office of Works. 

Board of Ihiblic Works. 

Ilorouqh Council. 
Cl)de\’alle\ F.leetricCo. 
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Motherwell 


Plymouth 

Portsmouth 


Rainham . 

Rochdale . 

Southampton 

(Northam) 


Aberdeen . 

Batli 

Bevhill {Ulynde) 

Bishopstoke ■ 
Birmingham 


Bournemouih 
Bridport . 
Brighton 
Bristol 

Cambridge 
Cardiff . 


Chandlers Ford 
Chatham 


Coleraine. 

Cork 


I)c%onport (Kc)ham) 
Dundee , . 


Coal Pockets, Power 
Station 

Coal Stores 

Coal Stores 

Coal Bunkers 
Coal Bunkers 

Coal Hoppers 


Clyde Valley Elecindly 


Southampton Steamship 
CoalandPalentFuelCo. 
Messrs. T R. \\'ood tk 
Co 

Messrs. J. C. ikj Field. 
Borough Council. 

Phccni\ Wharf Coal Co. 


FOUNDATIONS. 

Union Bridge Widening . 

Power Station 
Gas Works 

Bridge . 

Power Station 

Water Supply Reservoir. 

Electric Power House 
Tank . 

Power Station 
Dock Warehouse 

rulbourne Asylum. 
Engine am] Ihimping 
House 

Coal Hoist . 

Pumping Station 

Office Building 

'* Barracks” . 

Tank 

Brewery 


Bollard . 

(yfllcc Building 


City Council- 

Borough Council. 
IlastingsandSt. Leonardo 
(>as Co. 

District Council. 

British Electric Traction 
Co 

City Council. 

Borough Council. 
Bridpon Gas Co. 

Borough Council. 

I>ocks Committee. 

County Council. 

Bute Dock and Kailw.ay 
Co 

Buie Dock and K.ii!H.iy 
Co 

Sooth H.inls W.aicr 
Co 

Melhiidut and General 
Insurance Co. 

S.ihalioii Army. 

IValtr IVrirks Co. 

Messrs Beamish \ 
Crawford. 

Admiralty. 

Projinctors of PtmLe 
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IS'cwcastle-on-Tyne . 

,, (Elsnkk) 

,, (Gateshead) . 

,, (South Shields) 
,, (WaJIsend) 

Nottingham 

Plymouth 

Rainham . 

Rochester 

Southampton . 

H (Northam) 

,, Docks . 

Wmsfoid . 

Wolverhampton 

Vork 


Office Buildings 

Sheds . . . , 

Refuse Tip . 

Power Station 

Public Baths - 
Power Station 

Reservoirs, Wilford Hill 

25-Ton Cranes 

Factory Buddings, Power 
Plant and Chimney 
Shaft 

Offices and Workshops . 

Cranes on Town (jva} 
^(ould Loft . 

Accumulators 
Cattle Lairs 
Oil Factory 

Bakery . 

Engine Pits . 

Underpinning Tower 


Messrs. Armstrong, 
^\’hilworth & Co 

-Messrs. Armstrong, 
Whitworth & Co. 

Messrs. Armstrong, 
Whitworth & Co. 

Gateshead Electric 
Supply Co. 

Borough Council. 

Ncwca Stic Electric 

Supply Co. 

Borough Council. 

G.W.R. Co 

Messrs. J. C ^ J. Field. 


Mes'rs Wm.Cory&,Son. 

Harbour Board. 

Messrs. .Summers 
I’aynt, 

Messrs J. Bee & Co. 

L \ S.W.R. Co. 

L. \ S.W.R. Co. 

Winsford Co-operative 


Messrs. Rownlrce il Co. 


RESERVOIRS, TANKS, rVND CONDUITS 


Alton 
Andover . 
Ap".e \’allcy 

Athcnry . 


Tank 

Tanks, Conholt Park 
Reservoir Covers . 

Water Tower 


.Messrs Stiicer Bros. 
Mr. I. Wigan 
.\psc Valley Wati 
Works. 

Ztorough Council. 


Belfast . 
Berkhampsteatl 
Bcxhill (Glyndc) 
Birkenhead , 


Covcrcvl Reservoir. 
Elevated Reservoir 
Rcsenoir Cover . 

Water Storage Tank 

Reservoir Cover, Tran* 
mere 


Messrs. Somerset k Co 
City Council 
Berkhvm|isli.vd Water 
Co. 

I IasiingsardSt.I.eonvrd's 
CJvs Co 

Borough Council. 
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netnel Tlenipstcad 

Ilighbridgc 
Huddersfield . 

,, (Marsden) . 
Mull 

Ipswich 

Kendal 

Laindon 

Leeds 

Lichfield 

Liss 

I<uch Lc^en 
London (Chelsea) 


,, (il.iinmersmiih) 


,, (llainplon) 

,, (llainpton 

Court) 
,, (St. Mat) Cra) ) 
,, (Snodhnd) 

, (Twickenham^ 
,, (Wandsworihi 
Lulun 


Mahern 

.NI.inchcMi.r (Irlam) 
Middlol'orough 


Tank Covers. 

Reservoir Cover . 
Reservoir 

Two Reservoirs 
Water Tanks. 

Resersotr Co%er . 

Tank Coxer . 

Reservoir 

Invert to Sewer . 

Tank Coxer 
Tank . 

\\’atcr Supply — SttiMgc 
Tanks 

Stiingc Tank and Swim- 
nnng Ronds, RuMic 
Ikiihs 

StoMge Tank .ind .Snmi 
mmj’ Ronds Rublic 
Ikiths 

Sewage Tank Coxer 
Tank toxir. Cav Works 

Tank Coxer . 

Tanks, Raper Mill* 

.Sewage Tanks 
Tank 

Cmersd St.r\iCi. Is*.- 
sxrxoir 

Sewage Tanks 
si ireh Tanks 

lUseixoir. ilxxxrton Mill 


Jlcmel IlempiJciJ 
Co. 

I Iighbridge Water Works. 
Messrs. Summers i\. 
Ra)Tie. 

Mr. J. L Crowthcr. 

City Council. 

Horough Council. 

lionnigh Council. 

Laindon Gas Light .iiul 
Water Co. 

Cit) Council. 

Lichticlil Gas I o 
The Undv ScilNsurnc. 
Rriiish Aluminium C". 

noruiigh Council. 


Hfiir/ct (minctl 


District Council 
n.'inipton ( ourt (ns Co 

Mid Kent G.is ( o. 
Messrs C. Townjind, 
lIlKlk \ Co 
Districi ( oiinril 
I r.imc 1 ikkI ( o. 

Luton Huttrii.'rks f o 


Dixirni t ouncil 
( o o|K r line \\ lioli. vdi 
'soCIll). 

Mi'srs. t mlioiirnc A. 


Ncthcrtnn 

Nc»ra'tleMin-T)rc . 
,, (HeaionJ 
,, North Shii'lds 

.. (South ShieMO 

Nekton le-WVlI.m i ' 


Sewage Tank < oxer 
Oi:«clnirn Rixtr Tunnel 
\\a(cr Tower. 

Tanks 

Tank Cox, I 
Sw imniing R,ind 
I lexatol Isiscrv* ir 


Cin Coim il. 

L U ( o 

n e I I'h t.u ino ami Oil 


‘'Ol.lll M* (*1' ( o. 
I5.itiiiigh Ci'i ti.il 
District I ■'uncil 
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I’otn'TK'ilh IVfpnc llouvc I'orUmouIh WalttWoiks 

Co 

Sell) 1> ■me* fi'f Pumpirg Sell') Water Works Co. 

Slali'sn 

Tauntoi Muniripil 0 nee* . Jk'[Ou[;l) Council. 

\ otk . Ko..f f.>r Co'Oin^ Koom . 'tc%<r« IJownttee vC Co. 


w n.\n\T.s, jirmi:s, .\M) (ju.kvs. 

Tri'tol leffiie* Whiif <..W U Co. 

^litnilon Wliief City Council 

Co»c* l‘ief Isle of Wight blcam 

i’ackel Co 

■ . J«i) . r»Ie of Wight Steam 

I'acVek Co. 

Deeonport . I xten'ion No. 5 leii) .\tlmiralty. 

Dundee s^»ua\ Wall . Dundee Harbour Trust. 

t> ■ CalMortJeit) Dundee HarlAur TrusL 

Tatmo ith rromerude Tier, and Sen I latbuur Coniinis»ioners. 

Wall 1 iiiindalions 

Ilarwieh n '>a) I iien (. 1 . K Co. 


fflani I/scks <>uk}* I’d** for Ktf) 'fanihi.>tcf Ship Canal 


I.uerpoiil Cniile C’utj, I'tinceN Mersc) Docks and Har- 

Landing Stage hour llcxird. 

., W harf, Coburg Dock . Mer»e) Docks and Har- 

bour Hoard. 

,, Wh-arf, Hrunsssick Itock Mersey Docks and Har- 

Ixiur Hoard. 

,, . jell) Mersey Docks and Har- 

txiur Hoard. 

London (I)agenhani) Jett) on Thamts 

„ (Lrilh) . Wharf Messrs Dinham, Fatscus 

vV Co 

,, (Gratesend) J*tt> • Messrs. W". T. Henley’s 

Telegraph Works. 

,, (Greenwich) W’hatf . . Messrs. W\ DowelKC Co. 

,, (Hornchurch) Wharf . . City Corporation. 

,, (I’urflcet) I’ler and Jett) . . Steamship Owners’ Coal 

Association. 

s6 
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Nelson 

Newcastle-on-Tyne 
Potters Bar 

Southampton 


Retaining Wall 
Ousebum River Wall . 

Retaining Walls, Pons- 
bourne Park 

Retaining Bank 


Borough Council. 

City Council. 

Mr. C. II. Carlile, M. I’. 
L. iL S W.R. Co. 


JiOOFS 


Birmingham Small Heath Ttani Shcds>. 

WashwQod Heath Road I 
Tram Sheds . . I- City Council. 

Elcctncny Supply Dc~ i 
partment . . ,J 

Bury . . Shire Hall . 

Edinbugh Printing Works Mr J A. M'Culloch. 

,, (Cors(orphine) Church . 


Ilellingly . 
Hull 


Asylum 
Toivn Hall 
Law Courts 


Coimly Council. 
City Council. 
City Council 


Kinghorn, N.B Battery Roof 

Kirkburton . . County Asylum 


War Onicc. 

West kidmg County 
Council. 


Lincoln . 

London (Epsom) 
(Erith) . 

,, (Hammersmith) 

,, (Knightsbridge) 
. (Kensington) . 

,, (Limehouse) 

,, (Pall Mall) 

,, (Silk Street) . 

. (St. James’ 
Square) 

,, (Wandsworth) . 


Kesteicn Asylum 
Horton Asylum 
Technical Schools . 

New Public Baths, arcli 
ribs and purlins 
Basil Mansions 
Pomes, Victoria and 
Albert Museum 
Klin Roof 
Cujwla . 

Briwcrj 

Insurance OiTiccs 
Factory. 


County Council 
London County Council. 

Borough Council. 


II. M. omcc of Works. 

banitas Co. 

United Ser'icc Cliih. 
.Messrs. WJnlhrtwIA L'<>. 
Clerical, Medic'll, .iml 
Gentr."!! Insurance Co. 
IVamc 1 00(1 Co. 


Norn kh 
Nottingham 


(Chronic WockJ . City Conned 

City Asylum 

Mappcrly Asylum . Coiinly Council. 


Plymouth. 
Portland . 


Verandah . . G.W.K. Co. 

Canteen Building . Admir-aliy 





401 


rn;pne IIoumt rntt^mnuOi WaltrNVoiVs 

c^cllj . l»nnr» for l*«Tnping Pcll>)- Water Wiuk^ Co. 

Taunto-i ^!unlcn«^ ♦*••*«* . l!.noii(;h Cotmcil 

Votk . Ittv.f for ( o«>1in* i;i»om . Mcs»r« Eiowntrcc A. Co. 


wn.\uvr.s, jirmes .\m> QUAVi?. 

Hn^lr.1 Tc(ri!c<">nif <..W,1C. Co. 

,, . lliiruJon Wlmf Cii> Council. 

Cowes IVr Isle of \\iglii Steam 

I'acLcl Co. 

„ . Icitv J'lc of Wrghl Steam 

racket Co. 

Desonpt.rt I \ten‘ion N<». $ Icii) .Vdminll)’. 

ilunOee C’oav ^^aU Duntlec iIafl>our Trust. 

,, , Caledon Jelly Dundee Harljour Trust. 

1 almn-iih I'romenade IVr. amlSii IJaibour Commissioners 

\\aU i oundmoOi 

Har»ic)i I’sikssi.-n C'"*) * !■ C K Co. 

Sion 

Irltm I.ocks t.uidi I’lksfot Itii) Manrliisler Ship Canal 


l.iicfpool Cattle C’'*')* I'rmce’s Msrse> Docks and liar- 

Landing SIsRC Ixjur ISoard. 

„ half. Cohort D.»ck . Mersej Docks and Har 

hour Hoard. 

Wharf, Hninswick Dock Mersey Docks and Har- 

bour Hoard 

,, . Jett) Mersey Docks and Ilar- 

laiur Hoard. 

London (tlaRcnham) Jett) on Thames 

„ (Kiiih) . \\!iaff Messrs. Dmham, Fawcus 

s\. Co 

„ (Grasesend) Jett) . . Messrs. W. T. Henle)’s 

Telegraph Works. 

,, ((/reenwich) . Wliarf . • Messrs. W . Dow ctUC Co. 

„ (llotnchurchl Wharf . • City Corporation. 

„ (I’urfleet) . Tier and Jett) . . Steamship Owners’ Coal 

Association. 


36 
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, Messrs. Vernon & Son. 

{\ ictoria Dock) 


A’en casfle-on-Tyne 

AVIrarf . 

^lessrs. Armstrong, 
Vhitnorth & Co. . 

II 

Berth for Armourclad Messrs. Armslronc, 


' essels 

Whitworth & Co. 

,, (Cullercoats) 

V’harf . 

Clyde Nasigalion Trust. 

Quay Wall . 

Marine Laboratory. 

II (Dunston) 

Jetty . . 

Co-operative Wholesale 
Society. 

Newport . 

Jclty . 

Alexandra Dock and 
Railway Co. 

Plymouth, 

Landing Stage 

G.W.R. Co. 

Poole 

Quay and Quay Wall 

Harbour Commissioners. 

Portland . 

Piling for Jetty 

Admiralty. 

Portsmouth 

Two Jetties . 

Admiralty. 

North Wall Jelly . 

Admiralty. 

II (Gosport) 

Jetties, Dolphins, and 
lading Stage 

Admiralty. 

II (Southsea) 
Port Talbot 

Cl.ucnce Fier 

Clarence Pier Co. 

Talbot Whaif 

Pert Talbot Dock and 
Railway Co. 


Tip Jetty 

Port Talbot Dock and 
Railway Co. 

Rochester 

Wharf and Jelty . . 

Messrs ^V. Cory Co. 

Southampton 

Coal Jetty and Qu«* 
Prince of Wales Cxlen* 
sion Quay 

L. 6. S W.R. Co 

I, 

L. & S W.R. Co. 

' ' 

Widening of Old Exien* 
sion Quay 

L. S. S W.R Co. 

1. 

Landing Steps, No. a 
Quay 

Tonn Quay - > 

Harbour Board. 


Harbour Board. 


Town Quay E\tension . 

Harbour Board. 


Beh edere Wharf . 

Messrs Powell, Duffryn, 

Co 

1, (Northam) . 

Wharf . 

Phccnix Wharf Co. 

,1 (Woolston) . 

Jetty . 

Messrs. Mordey, Carney 

Co. 

ji II 

ShpMa) 

Floating Bridge Co. 

i> II 

Wharf . 

Messrs. Perkins Son. 

tVaterforcI 

Jetty .... 

Jfessrs. R. <S. II. Jl-tH. 


llreakwaterand Pier 

Office of Public Works, 



Irekind. 
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Ceiling construction, 131, 145, 

524- 

Centring (see MouUh). 

Chimney founditions, 221. 
Chimne) s (see riiies). 

Church, 169. 

Cttnenl du hots, 194. 

Coal bunkera, 232, 25S. 

Column and beam connections. 
It. 42. 44 . 52. SS. 69, S6, 90, 
95, 142, 144, 309, 319, 320. 
Column bases and footings, S, 10, 
31. SO. 54 . 65, 7S, 90. 
94, 105, 107, 122, 141, 
154, 1/4.219. 221.243, 
270. 297.316, 317. 

.. dimensions, Jt, 31, 35. 
43 - 45. 50, 67. 5 >o. 96. 
103, 114. ns. 122,176. 
221, 226, 243, 271 
mnulds, to. 5b.. toi, ii?, 
223, 2S2, Ui. 

, reinforcetiKni, h 11.41. 
43. 51. 54 . 56. ho. 96. 
116, 155, 157. 170- 

221, 322, 220, 271, 
297. 309. 3 « 9 . 320 . 

,, tests of, 23. 

Columns, S, 10, 17. 23, 3t, 41, 

.. 44 . 5 «. 56. 5 h. 67. 

77 . 94 . 90, >07. loS. 
114, 122, 121. 157. 
173, 221, 243. 254 
comrcie - steil t'uiipircsl 
iMlhcaM iron, I07, I24 
.. conifcte steel comjarLfl 

with steel, lOS. 

. failure of, 375, 5S0 
. loads on, II, 23, 79, 


23^. 255- 

moulding, 10,58,102,223 
praciKal t.in'tnn Hon. 

.S, lo, I7O, 170. ;iS 
protection agiiiiM s\ 
icrml mjiirj 8, 9, ro 


Concrete, composition and pro- 
portions of, 6, 52, 
55-5S. Oi, 62, 69, 
91. 96, 97 . «6'. 225 
3T0, 2-S, 2S4, 315, 
33 ' 

, consi-'lency of, ll, 61, 

I 62, 226. 

' ,, deposiling. II, IJ, 14, 

I 15. SS, 2S2. 

,, protection of, against 

c\tcrnal mjur)', S, 9, 

20, Sb 67- 

' siirficc treatment, 22, 

46. 92. 156. 157. 164. 

169, 194, 214. 225, 
24S, 274, 276, 291. 
316, 327. 354. 

timealioMCdforsctting, 
102, 103 

Conduits, provision for, 22, 16S, 

274. 329 

Connections, column .“ind beam, 
It. 42. 44 . 52. 55 . 69. S6, 90, 
95. « 42 , 144. 309. 3 « 9 . 320. 

I oiisiruction, praciiuil, 6, 12'I5, 

59, 99, «f>2. 103. 138, lOI 

. » 77 . iSi. 23 ^. 2h2, 330, 333 . 

' ^ 335 . 337 . 350 - , „ 

C.-ntracior s plant, 6, 284, 330,35 1. 

<- -trmcc, roof. 280 

(. ranes and hoists, 6, iS, 19, 73. 

76. 330. 332 

k vlincltr fmmdaliims, 1C9, 173 - 

iKtorativc det.sil', 1S6, 250, 354 - 

Ikfliaion of fliK.rs umier loid, 

25-27. 72. nj 

iKposUing concrete, 11, Ij-Ij- 

5S. 2S2 

l>ock watthouses, 1. 

Ih.mc consiruction, 171, 184. 276, 

2'ii. 354 

Uiines moulds for, 201, 354. 
liormcr--, 278 
l>lUls, «ir, 1J2, K.s. 


Conctii hill, and tin iin-.. 2'h. I nth loid', 77, 231. 235. 

29'^. 30 1- * t'lc cihks, |tri>v 01 'll for, 22 
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IXhilnlion building, agi 
lAp.indc.d metal, 216, 223, 264, 
2S9 

lApinsion join's, 192, 194, 196 

I'actorj building-., 94, 105, II4, 
226, 232, 240, 252, 25S 
I'ailiires, 339, 364, 374, 377, 379 
,, Icssonsof, 363,373, 376, 
377. 37S, 3S5 

I'lre prevention and escape stair- 
cases, 4, 20, 2S2 
riashings, 194, 196 
rioor beams (sec Ileams) 


,, slab moulds, 59, 103. i6t, 
2S2. 

„ slabs. 14,33, 52, Oi. 69, $2. 
97, 113, laS, 131. 
144, 161, tSt, 

235, 247. 275. 276. 
*95. 352. 

,, ,, formuW for, 6( 

,, ,, thickness of, 15, 35. 

40, 52, 6;, !>2. 97. 

Ill, 115. taS, 131. 
144, 161, 171, 174 

247. 24'' 2UI. 275 
■ I 23, 70, 02, 146, 250 

2 (ll, 304 311 

1 lonr-., di.decii»n un'lcr load 25 


load»oii,23 41,52.70.72 
i2, 93 III, 120, 12S 
139, 14O, 24V, 550 
1 lour store, automatic, ^7 
I lues, 16S, 192, 196, 214 
1 iKilings and bi'cs for column' 
S, 10, 31, 50, 54, 65, 7S, 90, 
94, 105, 107. 122, 141, 154 
174, 219. 221, 243, 270, 207. 


3''». 3«7 

Found itioa piles. 05 

„ Mills, 174. 233, *34, 
241, 270. 

Icmndiuons, S. 31. 30, 54, 56, 
0;. 7S, 04. 131, 141. 154, iS7, 
11.9, 172, 173. 201, 221, 233, 


241, 234. 2f»i. 313. 330 
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Framed conslfULlioo, 31, 76, SS. 
91, 246, 261, 33S 

t.angisajs, 22. 

(..asHorks buildings, 2S. 

<«irders (see Itcams). 

Csirdcrs, lilticed, 91 

(joods stations and warehouses, 

' 63, 72. 

I (.ranar) buildings, 261 
I Gutters, 194 

^ Hoists and canes, 6, iS, 19, 73, 
76, 330. 3?2- 

Ilullow ceiling and floor construe 
lion, 131. 145. '62 
I uatl construciion, 132, 

156. 157 207 

Hospitil buildings, 129 
Hotel buildings, 154. 267 

] •* IndenieiV* bars, 2t7 

I (oints, eipansi.in, 192, > 94 , 196 
I |o sts (sec lisinisi 

I Kihn lurs 2S5 

IinKfnfroiKsr.Kit inj 
1 allKtd i^iuUis <|1 

l.'s.-nN ..| fnlurs'. 363, 37J. 

176, 377. 37\ iS-? 

I.ights, |vi\enKii( 107 
loLlsoiisirth, 77 234. 235 
Ia.uIs on I. am>. 20, 23, 35. S2. 
S5. ^S 91 

on climms. 11. 2J. 79. 
105. 124, 225, 231, 

23\ ='•5 

.m llo..rs 23. 4». 52. 70. 
72. ii2. Oj, III, 120, 
12b, I ?o, 146, 261, 2S.5, 
296. 304 3”. 325 

on f'.unditiuns, 54 
.. on rcs.f. 23, 45. < 0 . 209- 
I lao.momc dejs.t, 

, blachinc shop, 114. 

Ma’cnals, slrenglh of, lOI, 2S5 
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INDEX 


Mechnnicnl tijiiipmfnt, iS, 7j, 
75« S?. 

,, Lquipincnt, pnnision 
for, iS, 22, S», 07, 
=qj. 

MjII 25S, 359. 

Mis!np> ntui llitir 359, 

i 74 . 377. 379 

Moiildiii;; k-ntijs. rj, 60, 103, 
15S, 2S2, 336 

.■ ciiliiinns, 10, sS, 102, 
2J3. =S;, jju. 
'iiniriKnt.tl (kttil'v, 1 N 6 , 
2'jo. 354 

'Kihs, 14, Ol, 103, 2X3, 
33&. 3 57 

.. « i!N, iS, 102 

.. Hiiulow /r.uiiov, |}>f> 

Moul«j> ami ctniriiij;, lo. 5}>. $>). 

69, 101-103. **7' 

523, 2S2, 2>1I. 33 5 335, 354- 

(JtiKi. and liink I .itiMin 120. 

202, 3 I 2. 357. 354 
Ornumniil <!l1>i]> t». iiKi-. f<>r. 
!>.(» 

I’.ifiitiun', tjj. 527 .iJ'o 

U.iIU ) 

ra\ciiiuit 315 

. 107 

I’llt- .IriMti,; t<i 
i'lli I iind itii rti, <>S 

I’lIV'. (jrni.,nll ( 'f, 22. !<>'• 

274 . j 2 'l 

I Ijnt, 1. nit i.i It. . 0. 2V4. 330, 

^5' 

J'lastir riinf.ifml lOi, if/2 

. 'll. r hi i'<iitij;i ;;j 

IVi \riiii III. Iiti out 

rtJiitn v.'ti.*. 105 
I’l.ij- fth.ni nfi| •( 

52 , 55 '^'*, Ol. 
(.2. t-}, «)l, l/', 07, |0I, 22;. 
270. 2'>i. j«; J3J- 

-I if riTi-ritr p.'im** 

ctt( !• lilt’)' I*. O. 20. 51 . <.7 


I'llliJic liuildin}:*, 129, 135. 1C9, 
1S4, 2SS, 29\ 304. 354. 

Kaftcf.., 225, 27S. 
kailMny i>iiildin;;s, 47, 6j, 72, 
1S4, iJ'i 

,, tunnel tliroii,;]) iutildin^, 
20 

Kcinfr.rccil hricl, 131, 137, J41, 

iSt. 163. 160, 173 

,, ph'tcr, 161, 162. 
Utinforccmcnt, nnclmrinj;, 10, 14. 

43. 5 *^. 07. 

.. fi>f kmi«, 13. 41. 

44 . S«. 52. 57 . 07. 
i»5. 90. 117, 142. 
144. iSi^. 225 ' 

236. 256,274. 276. 

I 204,206,309,310, 

I 3 »»' 534 . 

' . for ranlilt’vtr enn* 

«iructi(<n, to, 20, 
23«' 

for 'olirtiitis, ,S, II, 
4«. 45. 5*. SI' 5^ 
i/i, I to, 155, 
157, 176, 221, 

222, 2f)S 

. for foiitiiliiioii', 135. 

235, 231. 270 
. for |vntiiunl lipiiK, 

ll.S 

f.ir »ln nii>4 

15 14. |l. oi. 

117. 2rij, 325 
for .ld.>. 15. 43 . 45 . 
» 7 . M7, 145. 
Il.l, 22 ’'. 251 . 2 JI. 
27?. 276, 275.2'' I, 
20?. 2^'". 3 » 5 ' , 

for w-itl., 13. ‘6, 

J |2. 155, 2ro.22'', 
25;. 114. 315 ' 3 * 5 ' 

,. f .r I'xm;*. S'», 141. 
2'';. 

kill lir/'. 151. I*'7. 
IIcMH»V 4*. 7\ Jlo. 314, 
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Roof con^uucijon, 22, 4J, 52, 63, 
07, in, 132. 135. MS. 
162, 171, 1S4. 192, 209, 
22$, 32S, 248, 277, 391, 
327. 3SO 
,, comice, 2S0. 

„ co>enns, 22S, *4^, 279. 291, 
29S, 327- 

,, pirdcns, 207-209. 

on, 23, 4S, 53. 69, S2, 


Sptnl 73 

Sf»irHa)s, 6, 20, 31, 73, 167, 213, 
231, 2S1, 32S 

Stirni]K m beams, I3, I4, 41, 99, 

117. 

StKngih of nutenals, lot, 2S5 
Surface trealment of concrete, 22, 
46,92, 15G, IS7. 1(^4, 1C9, 194, 
214. 225. 24s, 274, 276. 291. 
316. 327. 354- 


moulds, 117. . 

slabs ihicUness of, 45, 69. 
97, 114. 228, 231. 24S. 

279 


Selling of concrete, umc allowed 
for, 102, 103. 

S>iearing streues, fcinforcement 
for, 13, 14, 4«i 99, 117. 294. 


324. 

Silos, gram and coal, 352, 25S, 
264 

Sk)light$, 194. 

blabs, fliKar, 14, 35, $2. 6t, 69, 
b2, 97, 115. 128, 131, 
144, ijS, 161. tSi, 223, 
247 27s. 276, 205, 325 


, foundnion, 174. 233. 234. 
2»I. 270 

,, moulding, 14, 6 i, 103 
. moulds for. 59, 103, 161, 
2S2. 

,, reinforcement for, >5, 43, 

45. S2, 97.117, '45. '61. 
22S, 23t. 241. 375, 276, 

275, 2S1, 395. 396, 

I'S 

thickness of, 15. 35. 4^ 45. 
53, 69, Sa. 97. 111. 114. 
115. 12S, I3», 144, 145. 
161, 17J, 174, 228, 231, 
237. 247. 248, 261, 275, 

276. 279. 292, 315 

wall facing, 214. 32?. 
Spanofbeams, 12,20,34,35,38, 
45, 51. ^2, 91, 99, 109. »27, 
137, 140, 143, 167, 224, 21S, 
274. 30S, 321 


Tank supports, 34 
Tanks 99, 121, 16S. 

Terrace gardens, 207-209. 

Tests, columns, 2j 
,. floors, 33, 70. 85, 92, 93, 
146, 350, 201, 304, 

3«i 

„ granan walls, 264 
Theatre ancf concert halU, 3SS, 
29S, 304. 

Thickness of floor slabs, 15, 33, 
40, 53, 69,82, 97, 
in, 115, 13S, 
131, 144, 161, 

171, i?4, 247, 
24$, 261. 

Ilf walls, 15, 31, 47, 69, 
?8, 96, 97, HI, 
142,' 169, 228, 


276. 

345- 


291. 327. 


Tllei,, hollow, 374, 379, 281, 2S5 
Towers, 18, 307-209, 282. 
Tramwaj depit, 15S 
Treatment of concrete, surface, 
23, 46, 92, 156, 157, 164, 1G9, 
194. 314, 325, 248, 374, 276, 
291, 316, 327, 354 
Tunnel through building, railway, 


Vaulting, 171. 

\entilaiion, 132, 16S, 204, 230. 
Villa, a French, 197. 

Wall facing slabs, 214, 327. 

„ moulds, J7, 18, 102 
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Walls, 15,31,47,69,78,96,111, 
132, 142. 15s, 169. 171, 
182, 201, 214, 227, 24S, 

254, 26r, 276, 291. 325, 
345' 

,, hollow, 132, 156, 157, 207. 
,, interior, 133, 327. 

,, moulding, 17, 18, 102, 335. 
,, reinforcement for, 15, 96, 
142, 155, 219, 22S, 

255. 3»4. 3»5. 32s. 
345- 

,, retaining, 47, 70, 219, 314, 
357- 


Walls, thickness of, 15, 31, 47, 69, 
78, 96. 97. I”. >42, 1(59. 
228, 249, 254, 261, 276, 
291. 327, 345- 

Warehouses, 1, 28, 47, 63, 72, 
128. 

Water tanks, 99, 121, 16S, 
209. 

,, touer, 209. 

Wind bracing, 273. 320, 325. 
Window frames, 134, 1S6, 194, 

2S9. 

,. ,, moulds for, 

1S6. 
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WHITTAKER’S TECHNICAL BOOKS. 


STRUCTURAL IRON AND STEEL. A Texi-Book for 
Aichitects, Engineers, Builders, and Students. 15 )- \V. Noble 
Twelvetrees, M.I.M.E. With 234 Illustrations. 6s net. 


CONCRETE-STEEL. A Treatise on the Theor) and Practice of 
Reinforced Concrete Construction. A Practical Handbook for 
Builders, Archiiecls, Engineers, Sun^ors, etc. By W. Noble 
Twelvetrees, M.LM.E. With 73 Illustrations. 6s.net. 


STEEL WORKS ANALYSIS A Practical Handbook for 
Engineers and Metallurgists B) J. O Arnolp, Professor of 
Metallurgy, Unnersity of Sheflield. With 22 Illustrations and 
Diagrams lOs 6d 


HYDRAULIC MOTORS AND TURBINES. A Handbook 
for Engineers, Manufactuttrs, and Students. B) C K Boumcr, 
A. M. Inst C.E. With 200 Illustrations Tables and In ’e\. 1 5s 


THE INSPECTION OF RAILWAY MATERIAL. By G. 
R. Bodmer, A M.I C E With numerous Illustrations 55 


TRIGONOMETRY. For the use of Engineer^, Archilecis, and 
Surieiors By Hknrv Adams, M Inst C E , M.Insl.M.E , 
F.S.I. 2s. Gd. net. 


WHITTAKER & CO , 2 Wiiixc Hart Sikfet, Loni 


r.c 



The latest and most 

UP-TO-DATE ARTICLES on 


Ferro-Concrete 


Construction . 


Appear In the 

Building Beius 

Engineering Journal 

The leading Journal of the Architectural 
Profession. 

EVERY FRIDAY PRICE FOURPENCE 


Ornce CUEMENTS HOUSE, KINGSWAY. WC 



WHITTAKER’S LIST. 


LIGHTNING CONDUCTORS AND LIGHTNING 

GUARDS. A Treatise on the Trotection of Buildings, of 
Telegraph Instruments and Submarine Cables, and of Llecitic 
Installations generally, from Damage b) Atmospheric Discharges. 
B> Sir Oliver J. Lodce, F.U.S., .M.I.E.i:. With numerous 
Illustrations. 15s. 


PRACTICAL ELECTRIC LIGHT FITTING. A Treatise 

on the Wiring anil ruling up of Buildings deriving current from 
Central Station Mams, and the La}ing down of Private Installa- 
tions By 1 . c ALisor. Wuh 242 lllustnuions 5s. 


STEAM TURBINE ENGINEERING. By T, Srr\i\\ 
A.M.I.C.E, AMIi:i:.and II. .M. IlonvRT, M I CM.*., 
M.I.IM'. With 516 llluMniions. sis. net 

ELECTRICITY IN HOMES AND WORKSHOPS. A 

I'raetical TfCalhC on Licctiical ApjxvntUN. By SvuM.Y T. 
WAiKfR, .M.I LC., .M.I.M.i: , A.M.I C K Uitli 205 nlu^^r^• 
lions 5^ net. 


MECHANICAL REFRIGERATION. \ Pra. tical Introduction 
tci the hiuiJ* of Cold Stonge, Icc Making, and other Purj'iisr'. 
to which Itcfrigeration is applicil Bv IIaI WiiiiaM', 
\M.I.'!icliI . \ Miri. With 113 Illuviralnms lo> 6.1. 


FRICTION AND ITS REDUCTION BY MEANS OF 
OILS. LUBRICANTS, AND FRICTION BEARINGS. 
B> (J. C. Wiin trr, \\h.‘Je. Wiili 62 lllwTran.mi jx ret. 


WIinTAKl'.K \ CO., 2 Mum IlARr bT*ri.T, I,C. 



yorksDirc Bennebique 

. . Contracting Co. Ctd. 

I 

HENNEBIQUE FERRO-CONCRETE | 

Is the Best Construction for all Buildings and ' 
Engineering Works, and is used by the Ad- 
miralty, War Onice, H.M. O/Iice of Works, 
and the Leading Corporations and Companies. 

ADVANTAGES 

MONOLITHIC CONSTRUCTION. 

VIBRATIONLESS. 

ECONOMICAL. FIREPROOF 
DURABLE. LIGHT. SANITARY. , 

ELEVEN THOUSAND EXAMPLES { 

of Henneblquc Ferro-Concrete Warehouses, 
Mills, Factories, Grain Silos, Reservoirs and 
Water Towers, Bridges, Jetties, Whan-es, ] 
Water and Sewer Pipes, etc., are now in use. , 

FERRO-CONCRETE PILES i 

of different Lengths and Sections kept in stock. 

north British ntid mcrcantiic Buildings, ' 

east Parade, £eeds. 

Teltsrams "FERRO. LEEDS Tetephane Ro 262} 




Stuarrs eraiiolUbic Co. Ctd. 

SPECrALISTS IN' . ■ ■ . 

FERRO-CONCRETE 
CONSTRUCTION . 

(“WELLS** Svstem) 


The “WELLS” System of Concrete 

Construction offers a combination of Architec- 
tural possibilities, with all the practical require- 
ments of DOnABlLlTYand STnCNGTH %shlch 
are necessary in any class of structure, whether 
It be a Public Oullding, Hotel, Company OHlce, 
Warehouse, or Faciorj 

During tlie period of Eighteen yenrs 

w'hleh has elapsed slnre the Year IHBli when our 

FinsT Fcnno-coNcnnxn duh-ding was 
erected, wc have been cncroced upon nearly 
1,000 larco ond Important bultdine*. 

Detailed Inform.atlon, Draw In^;'. and Kstlmatrs 
sent free on application 


Gicngall Road, inniirall, Coiidoti, €. 

Tfittrtms “ rrlrfk*** i f r>r 

*S»0 *T 

I-tllnbur^h, .Manchcslcr, IJterpoo!, Ilimlcjlbaia 





TelegrapMe Adama "Jabet Thompsc. 


fifth' »« ff?,' 

MALCOLM MACLEOD & Co. 

85 GRACECHUnCH STREET, LONDON, E.C. 


FIREPROOF STAIRCASES, 

STHl’S .nn.l LANDINGS fivc.J Complete 
“in situ’ in “GUANITIC" CONCKLTK 
witli Steel Kemforccnicnt. 

reinforced fireproof FLOORS. 

•‘GRANITIC** PAVING, 

WOOD BLOCK FLOORS, 

MOSAIC WORKERS. 


I’AVING. STCI'S, LANDINGS, .ind AUCHITECTUKAL 
DRESSINGS of nil Descriptions Shop-cast to 
Architects’ Designs. 

Estimates, 55mp/e5. aad Designs on application. 


WHITTAKER’S PRACTICAL HANDBOOKS. 

STRESSES AND STRAINS. Ttieir Calculation and that of 

lh«ir KcsKUnct. Ly tormulv arul t.opliic MetboU^ Ity P R Pa.kow, 
V K 1 II A tS ith leo ItIuMfaiionvan.l llia|.ran>\ s*> ael 

LAND SURVEYING AND LEVELLINO. A Praciical Hand- 
book for Anhii«t<, tniinerrs, anO Surreyorv Cy A T WAtiiisLrv, 
M Insi C L., t S I ,«(« tViihnumnou, Illustrations anJ lliasrams 6t. net 

FIELD WORK AND INSTRUMENTS. A Practical Hand- 

book for Archiitcts, ‘>urse>or», Ene>t>«^. «*« Ty A r Walsiislev, 


I ■ 


■ : MN'i 


. It' 


•.N‘J I ’ll 






CARPENTRY AND JOINERY. 

Engineers, Sursejors, and Students. ISy B, 

t S I , etc , and it rnlLLirs Fletckei 
Illustrations. 58. net 


A Text Bools for Architects, 

AMSTsaF Fletcher, I-.R I 11 A., 

R, FK.I BA, t S I With 4^4 


ARCHITECTURAL HYGIENE; or.Samtarj Science as Applied 
to Buildings. By B F FiXTCHra, F R .1 B A., and H P Fletchei, 
F.R.I B.A With 306 lllusiraiions. s*. «>«*- 


Complete Catelogue of Tcebalcal Books, post free. 


WHITTAKER & CO., 2 White Hart Street, LONDON, E.C. 




SOLID ROLLED STEEL GIRDERS 

WITH WIDE FLANGES. 


ECONOMY. 

\% girders or as stanchions. Broad Hinge [Wms show olivious 
ttonomies. Time, weichl and uorkmari'lnp arc fcducct to a minimum 
in all types of construction. In erection this alrsencc of eltlwration 
enables rapid .and cheap vsemM) of p.irtt. 

FINISH. 

Broad Flange IVania aic d<^rcn<M and rollal than any 
olhiT sections in the tiorld 

FASTENINGS AND CONNECTIONS. 

niL'uidlh of the fitrgrs Phil a ^ml^^ and air^ngrt cr^n'-ctums thin 
nrc possible in ans I'llur i»(» <f mit'rul <>m|pr up l.'r it gua-n t> 
tlie structure as .a whole m addition lo tli' ti ly s-i|ieii ir cUvt of fasten eg 
which IS obtainable 


CONCRETE FLOORS. 

l.arge suificc for adhesion of tnnen ic ml wide le uiag f t cran j i >' 
reinfoninp, rac. 

AS STANCHIONS AND GIRDERS. 

Ihe fme'l »linvhii''i>» t'.it > in Ir- d 'l.» I iic j a n Vijjirp H »»ta'ont. 

Ilii a m ibe a i »i m '.i .n h..* I a III we g* t. rv' n ni al i > 1 1 ail 

eiMt r tia emt thi'i an? (• n' » it mat tc 

\s cud a.. Itroi 1 I Unge ft. .rnt M'." tiealro.e^ wn^* t an 1 i > t it 
lOiujuri.l « ilti.T iiitli uidnu? y-.i la it ri'etel grtm aiij grp gTral 
Uuial tlit'nraa. 


Tahiti a! Silt Laatt aad plhtr PartUmUn alll tarahird aa 
a^ptlrallaa k* 

H. J. SKELTON & CO. (D. Dept.). 

71 FIKSDURY PAVEMENT. LONDON. E-C 


